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41*0 ExparUratal Mlaaralaip and Piinlqj 
* TtUOIKr EUTIIH EVICT IS HE BISTOIT OF A BIOTLAHJS 
nocnuTB nos wuo u soil uou 
DmbIi B. lull, llimcd-lalikitalaa Cantat far Ajiio- 
pbpmiai, CuhUii, KnnDhnlli, 011 ) 1 ). IB 1 
David laliat 

A 1.1 ■ cl lit or Iroslollta altaakad Is a |Uaip, 
alkall-rlak tall biaaela au lriaaiiMad la a Ikla ian- 
llsa of 1-2 a* patlUUl Ihi Apollo 11 toll aiapla 
HOI). Tki troolollla aonaltli of ooioaad, aobidral to 


•ahkadial ollvlaai (Fogp) ia a ■rmalaati of iiinalltlo 
flagloolaaa The aaopoallloB IdaatlfUa tka 
I no (ollia at a aaabax Of lha Nj-rUk ploloalo aalta at 
aarllaa-lnolollloa-dului lioa lha ] BB ar klgklaada. 
boh ollvlaa gtila la rlaaad bp a thla aalvag# of olt- 
«lD*-pU|loal*ia flan ooatalalai vaalalaa aad a lost a 
axjiiallitea ol iploal, ollvlaa. aad plagloolaia. TkU 
calqaa tazlera eieorda a aoaploa klalorp of avaala. 1«- 
aladlBi lha foiaailoa at Ika txaatolile aa a platoaU 
eamlita, aabialldai ■•Liaaiphlio, partial rualllo,, 
vaalaalat loa, orpitalllta (mil, aod qoaaaklai. Oat 
aiparloaatal xua h plailoolaaa-oliviaa aaltlat ralaa 
akov (hat. at ta^aialarai abova laalptaot aalllai. tka 
|>ala-hsaada>p la I vagal la tka luir troolollla voald 
ka*a fonad vary rapidly fin laia tkaa akoal 10 oio- 
ataal. lapld aoolloi vaa xaqalrad to priaarva Ibo aal- 
VB|o. Thai. |ho Iroatollta vaa- aahjaot to a kaat 
polaa. alat llkaly aavoaptayUg ao lapiat avaat. lha 
aaol avoBl or a litar oaa oaldad tha troetallti to lha 
■ell braoala. The aoapoaltieo aad toatora of tka troo- 
lollta aotiait tkat It fonad aad raoryatal Iliad at a 
dapth of at loa at aavaral klleaatari la lla klghlaada 
axoat vkara iti .aiaavai loa rogalrel a larga lapaat 
avaot. loa ■ ao ah aa tkla partlala via fatal ei Oaaaaaa 

fltoalluu at a alii c rot lad ly a rap Iroa Caparaioai, 
aid haaoBao ollvlaa fcaa haaa ldait|llad bp imo|i iaaa- 
iog aipOrlBiBtl a a tha dealaiii oaf Id olotril In the 
aintral pail of Copatalaa*, va laggaal that Ika 1,00- 
tollta la a fraioaat of Copara tool olaoip. (Ttoe- 
tellLa, kaat polaa. oaltlog aiporloaola, Apollo 11). 
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11)0 Exp nr lean tal Ml Mrs logy and Patrology 
IZPQIHDITAL Kl IBO US ROB iJUBTCitW STRUCTURES IS 
LOHAB-AHALOQ SUICATB KELTS, VUIATIOKS AS A rUKCTION 
OF QUDIClt MEDIA IBB COMPOS IT! OS 
H. D. Dyar (Dapaitoaot of Earth, AtoaapHarlc, aad 
PUaatary Soieocaa, HaiMCtraaottl loatLtuta of 
Technology Cao bridge , Huaathuaatti 02119) 

Coapoa Itloaa cnalogoua to lunar Rraao, orange, aod 
brown glaasta van oynchnoliad undar coni latent 
condition, than guaoehad Into a varlaty of dlfforant 
Badta uban tha iuplaa vara raaovad frea tha ruraaca. 

Iron valance and coordtaaclen ara a dtract function or 
quanch aodla aaad, apannlng tha raago frea hr I no/ lea 
(»c alfecclvo quanch), tutor, butyl phtbalaca, 
allleono all, liquid nitrogen, highly raduclng C0-C0j 
gao, to air (lauc afflclaat quench), la (ha giaan and 
brown glaaaaa, !•" la four- and air-fold coordination 
la nVaarvad la tha alovaat quaochod-aiaplaaf Ve‘ + 
coordination varlaa dtroetly with quanch africlaacy. 

Laaa pranouncod ehangaa vara oboarvad la tha Tl-rleh 
aronga glaaa. Tharafora tha raaBto-aanaad (poctrua of a 
glaea-boarlng ragelltb an tha Kaon oay b* loflntnoad by 
the pracaaa by which tha glaaa eoolad, and artraaa 
caution mat bo uaad uhoo nonpar log opactra or lynthatlc 
glaaa analog* with rial lunar glusan. (Xoaabauar, 
lour glaaaaa, quacking). 


Txa-atagc dlaplrlc oodala lar lunar forrHD anorth- 
altea and tarragtrial naaalf anorthoeitoa ara eaaBlned. 
Tha lunar nodal la davalopad to orplaln airly lunar di(- 
farontiation In tha abaenca of a oogsa ocean. If cor- 
rect, tha tariaatria) nodal aorvaa aa an analog for ifao 
dauelcpvant of lunar anorthoa It <c dlaplra. There ia 
flold and taatural evidence of transport ol oioatly erta- 
calllne anorchoaltlc aaiertal within tha carreatrial 
conplera*. Thla avidonca. cabined with tha abeoncr ol 
anorrhnaltlc Invw and phaao aqullibrlua couatralma In- 
hibiting the production of hyparalualnoua ugaaa, la 
coni latent with the dotachwnt of plaglaeUae-rlcIi eryg- 
calllno ouiliai from largo, upparaoit ran, la plutont and 
dm trip la dlaplrlc Intrualon of thnjo nahaa Into tha 
upper ala lie cruat with attendant anatoxia. Rudlaantoiy 
dynanlcal ca leu I at Iona auggaat choc a aloplo. ainolo- 
layer aourca for the dlaplra ia Improbable, ulthor 
theru wara aavaral parantal aagaa chanbara or then- vaa 
a a ingle large ehanher that vaa repeatedly replenished. 
The lunar codel la a development ol Uetharlll'a 1 1975 1 
auggaat Ion that, rollwtag accretion, tha outer portion 
of the moon cooalated of a etacV of overlapping layered 
Intruaiooi and chic rahoaclng of these Intruaiona nobl- 
Itrad their acorthoaltlc Utici , which intruded upward! 
to produce tha anorchoalcic lunar cruat. Dynamical cal- 
culation, ahow chac gravitational Inatabllltlea in an- 


vlth raaulta derived from Voyager rlag radio/ opt I* 1 * 
opacity aeaeurraenta and tha obaervod denying of dacaltl 
wavaa in Lha ring. 


J. Coophya. gen., A, Pupur 4AB09T 


Scholarship Assistance 
for Minority Students in Earthi 
Space, and Marine Science 
1985-1986 


orthoaltlc Upon (<1 ka thick) could develop into dU- 
plra on a reaaonabla tine acal# ibQ-100 n.y.l only If 


tha outer port loo ol the assn via partially renelced 
Wo auggaat that partial Baiting of tha Interior due to 
tbc decay or long-ltwed radloouclidea with tha auhaa- 
quanL oniat of global convoction hearod the atach of 
Intrualoaa froo below, thua cauaing me It lei aod allew- 
Ing the anotthoaitlc dlaplra to grow aad aeccnd f.ttly 
rapidly. Aa tha converting aona thlckauad. a mi aa- 
pluilon of aoorthoalclc mica rial out of tha lunar in- 
terior nay have occurrvd. 


The American Geophysical Union Is 
once again pleased to participate In tlw 
American Geological Institute's Minority 
Scholarship Assistance Program. Ap- 
proximately 70 awards from $500— 
$1500 are expected to be awarded for 
this term. 
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Christian Doppler and 
the Doppler Effect 

Kurt Toman 

Pr<.|w#;iihm ilniiii li. Koine Air lh-u-hipnmii 
Ceiuer, Lknn.ina K ncik .Srivii L «, Uivision 
Hhihcoiii AFH, MA (i|7:U 

A suiiiinarv is given of l)o|>|,ler\ life and , u 

November L«>. I in Snl/luu Kl AusirLi He tlieH *? ^ I8 ° yea,s a g° on 

Rny:il Hnlieiiii:iii .Sin ii-iv „l ,1 k- Siinim in I'i ,,,,,,, ’ esenli '"°” berore the 

— ™« * - * '"«■ °"PP‘- 

Brat i lev. Whh it t ame the inlm m e that ,| le puceniion TT " ?'*° Wveil h y 
can change with the Male n| uioiion die olL n J,. i f phenome, » 

was not will it hi i contmvei-sy. In |kv> ' Cl ‘ .^ CCe P lan <* °f the principle 

useful scientihe , let Inc, ions ,n he ^ » 

I* Mmh resolved the misundcm^K ln 
TI.e Doppler elieci is alive an.i well. Its role in ritli,', , cont,ove,s V- 

plh.es is enumerated. " ™ lm Scie,,ce aiwl dialed disci- 


Historical Background 

The iiMnniomei OLil Koeunr (l<ifiiiiir R . ( | 
ihc volcxiiy n| li^En in 1070 rialjk- I) fmm 
lime interval iiieaMireiiienih |CWicn. 

Tlicse intervals involved ellipses ol [lie ' 

moons of* Jupiter h> die ]>lane(. Knciuei 

made the iniporuini nliscri-iitioii dial ihe 
•12.5-hour orhiial peril id i»r Jupiier's inner- 
most muon, lo. men mi red liciwccn successive 
immersions and emersions f'rnni Jupiier's 
shadow, appeared slim ier when Ihe earth ap- 
proached Jupiier and If nifter when ii icceded 
from Jupiier. In elleci. Kocmcr used a Dopp- 
ler method in deierniiuiiiK die veluciiv of 
light 167//. IWir.J. In 1727. Hi ad lev a item pied 
to use die earth's nrhii as a Iwselim |„ r deter- 
mining die disiaiue in die ueaiesi si.irs liv tri- 
aiigiilaiiiin [Hr, nil, \ an, I II, ill, 1 70 , hj I hunyl, 
failing in this ellnri. Bradley discovered die 
plieiioineiioii of iilierr.itiim: 1 I 1.11 is. ihe eleva- 
tion angle at which a star is seen s.iijen with 
, he relative speed of the observer. 

In huili studies die nrhji.il in, u inn ( >| || K . 

earth played :in |„ K.ieniei's 

study the lime intervals shortened when ili L . 
ohserver appiuai lied |m, me, It-iigdiein-il 

tdien lie nretied. In lliafllm's siudi i|,e ,-h- 
vaiinn angle in star ■ h.iiigeti with ihe oh- 
sem-r s speed. While ti,>/,hln | isi:t| kit eh 
aneniU 6 iM.il Knemn's work, lie cited Hrjillev'.s 
alienation liutunn. « l.iiming dial l.is own 
siuily was a geneiali/atimi of Hiadk-vsdLs- 

covery. Ilopjjk-, staled Ins simple 

'erms. An ohsciver on a Unit moving lowai tl 

approi.i iung water waves |K-rieives 

'■ive periods; moving with die waves. Iimgei 
ones, lie postulated (Imi die ,.,|„is slats 
are die icmiIi o[ lin ir motion relative 10 die 
writ! and awrinl dim "ir die 01 hiial speeti 
""‘till lie Ml limes iis atiual vnl- 
5 - 11X1,1 Mi » s «lw vasietn I mm of d.e 
« 'Pdf would, williom exteplion, appear 
r P .i C " ,) , 1 , krt'eii. (hose in ihe wesl oi.mge 01 

l , 'j , ,,w t * l, l Doppler anive ai this ,m«siij- 

, * wl hr was deejilv inminiltifl 

|«'l‘e , d.-:.,«h, , l die a.v drier- 

h,' 1 V 1 “ ll ' Mr also spoke ufni- 

-S f otilfi make 

scrv .■ Vhl , t ' !lll ‘ l i,h in an olt- 

r ^'Pirhi-'K iii'ii inn dial muld irn- 
Following die Her- 

el, l^pjtle' saw ,| u . st . lls;i . 

K '"! K l w l ,,ivi ' , «'>il I'* •» uiixluie 

m, i?i I ,ri, 'wjr tukiis [hnrnli, 

c ha turn i 11 1 '| L ,},sis 1,1 hr riainied dial a 
ty 0 F 01 *r* | JI lMl llt, ,lr,w,wl il' Ilw imriiM- 

‘ i ,rin,;ll V ««•*!« is rliaiigcfl by 
con, llmUh - °hi*' c * i '»i« in this view I, y ? 

^ incut icnu^Maivr! * tl,;llk,l « Ltl l *W kir wil1 

Doppler’s Life and Career 

ter^nS! I) 0 | 5 l ,k,, ,Ji Knmdlaihcr was a mas- 

Himmei 1,1 IWl lie muved rnmi 

Maff t h * B,,vari “' “* Sul/liurg, No. I, 
look 0 v P r r " A Jeai hitcr, Doppler's father 
Z K rail ! | rwlicr , j liusinm. Chris- 


counting in a iradc shop. In IS^D he re 
;. ur,,ed r ? Vienna, where for 4 vears he held 
he posMmn ol assistant to Hanschl in ad- 
vanced mat hematics at the Polytechnic Inoi 
luie. IJurrng ,| lc years ,839- ,833 he pub- 
I shed papers in mathematics am! physics in- 
cluding “On the Theory of Parallels ” 
Convergence of a n Infmiie Logariihni Se- 
quence." and "Likely Cause nf ElectSl Sd„,. 
ulauon Through Frklioii." He decided 1.1 de- 
vote lumself fully to a career in science. In 
.September 1833, Duppler left die I’olytedmic 

forwhwfh 4 ? P ? llCd ^ leachil, K pwiiions 

fo whdi he liad to pass special examina- 

( 10115 . lie was not -successful. 

His Wucniess made him decide 10 emigrate 
m Amu He went to Munich to coniaa 
dir American Consul. Al the same time lie 
received sevc.nl juL offers. One was a prufes- 
wsUij, in mat hematics and accouming a, die 
i.hv f igh School m Prague: another was lu 
™ 'uaiheinatks and physics m a 
high schunl in llciii, F.,r |iairioiic reasons he 
an. e pied the former offet and in IXSfl moved 
I" 'T^r- n,c E^ikiwing vein he manic.! 
Mailu Me Siunn. the daughter ..l a goldsmidi 
i ""‘ «l'rrannli master fnrni .Salzburg He 
vv.is Ujlive at die Lily I lig|, Sc|,oi.| f„i 3 bears, 
dien licia me a substitute professor, .mil in 
IM I a (nil prolessoi ;n die Tedniical Itisii- 
iiite in Piague. 1 11 die proceedings n| the 

Koyal liohcniiiin .Society of die Sciences 
Jwliich lie had joined iii 1840) he puhlished 


in’sche Pr 0 feS o r ° r Mat hcmaiic 5 and Physics 
m Schema. u (BaftsU Sdavmica). During hb 

f?, rCCe r d an honora^- duc- 
,he R Q v5l L i P ,, OS ? |,hy from Prague, and 
awarded uf Sc,ences in Vienna 

cSSr ■ ?" ,cacher Slam P^r lo die 
veriitv nr v 1 " Re ° mclry - ln l8 - r >0 die U„i- 

7SS£Zr* ms ai, , ,horize{| ,n 

a physics dcpanmeni, where die main nur- 

ET££I& ^ physics'ieach- 

en. Doppler became the head ofdiis depart- 

JJJI w,,h , ,he «■* of "ordinary" proSr 

SsioTf ^ ‘ - C SCiCnCe cal 

mission for physics teachers. Ai age 47 he 
had achieved a highly honored position 

^ffom er ' h u S lCaC ' li,, K 103,1 a,lli ihe technical 

his body, bill not hiH nJSf 

185^ h" P d a j"? Hiuuiim 

the adrir^f? 1 ^ S ' Ck leavC an(J ’ Following 
h ' S ,luf lor ' went lo Venice to re- 
cover. Sadly. on March 17. 1858. he died in 

cfoldren 5 J"?' l ? Vi ■ 5 behi,ld five > tmn S 
J 2 r Hc ,ies bunpU »> 'he Venice corny 

honor a ,n0nUI,,eni ,V! * 5 erre, « 1 »i his 

P ,lbllshtd i« various 

r b: ,mmf rn ^hmml IV- 

Ham,,- 

mill Mathematics, 

I e ntrtal Rokmitin Satiety ./Mim, and die 
Ureorils ofthe Imperial Aca,tem\ „f Sri en ,-„ of Vi. 
eatui JAifxz, 1 1)0-1 1. y 

Because nl die Iasi gfmvili j n scienie. num 
«>f Dojipler Hi eaiiscs have fosi ,|,eir .signiii- 
tancc Only his principle ..f the Doppler el- 
feel achieved imp. .name, and ii r..iui m «cs n, 

fin so. 

The Principle 

The Doppler effect is a change in per- 
ceived frequency caused by mm ion <A ciiltei 
llic source urilienfocrvcr. In Hon u 

«he Doppler effect is die change in d,c . 
em lime uilcrval hetween iwi. events c.iiisl«I. 
c-g- by the inoiioti of ihe observer being add- 
ed to die finite velocity id iraiisinissinii ,»| j u . 
funnaimn aliuiii these iwo events (67 II, |‘ir»-,] 
Doppler siiiied his ptinciple in 18411. liiM (in 
soiind ami then [»i light. He applied lii.s 
principle to the perceived volt, is of si.irs 
along I heir linc-nf-sighi velocities. In his de- 
smpiion nr ihe cffcLi for lighi. D„pplct re- 
ferred to die oiigiual rihruiimi livpmliesis of 
Huygens, aunrding lu whiili "the perception 
of color is an immediate consequence of die 
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Umc intervals between regular, successive 

edier^hcreT pulsati °r? ° r wave cres '^ of i!,c 
ether. Therefore, anyth ng that changes the 

mu™, between puAtaaS??. ' 

sanly he associated with a change in p er - 

Doppler found ii noteworthy 

avc hen “ ■ y nfllK ,t a,,d SO,md ' a,ld 
wave theory ,,1 general, not enough Htieniinn 

l,ad bc v» IWKi lo the subjective c.mdilii.ns Z 

fipposed to iibjective condiijous) that really 

deterii lined ihe color and intcnsiiy of a light 

As lonu as%,r' e P “ ch a ? d »«cn«ly «r sound, 
ferve™ • S .° Ur " ° f ,vavcs aMd 11 it-- ob. 
ren ? a,ned ««'onar>- m ihcir original 

■ a - lh3L ,he su ’^rivT and 
2?“' nc dc jerii..„anr.n 5 nf color (light) nr 

dmie fo he } ' .™ would not con- 

or h. K b 1 h ° W , CVcr ' ,f Cilher « l,c *oi.ice 

rmm n? b l Ser '. Cr 0rbDlh ,nove t'wutl or away 
fXw^-Vc' ,L,r ' ^ Jpplc r "Passed this as 
rh! Asm, ' ,,l ' lhai c»ber the obser ver or 
the source or both simuhaneously clianoe 

ead, r iT t,0,! - ^ ccdi,l R rro, i 1 nr approaching 

.onn h n' w,,h . ■' ^ ceti w,, ich is Somevvlm, 

% lIli,t ,,f ,he wavc - T here is no 

douhi that die path leiigdi and die lime in- 
terval I ict ween two successive wave crests 
shot lens for an observer that moves against 
die wave motion, and Ixviuncs longer if he 
moves with die wave mtiiiiin." 

Doppler derived two simple equations ,| c . 
scribing the cliaiige of the lime intervals de- 
pending on whether the source moles and 

^ (n . wlMhcr lhc ob . 
■ md dw sourc e is static ji 1 arv. 

Dapp ers hirii,,, la, testa, e, I in a si.indiliwl 

form J Arulhule, HfcVJ], \ s J 

f = fUe±u)Ht+v)\ (|, 

where f 11 die irccpicm > ol ilif sc, nice. /' is 
the IreipieiM y perceiv.-.i by the .*1, server, an, I 
f, 11 . and e arc the vcltuiiy ol || R . wavi . in a 
Muiionary iiiediiiin uiial die velmiiks <>( nb- 
scrvei Hurl soiiri e with irspect m ilkis uadi- 
uin, respectively. 

n'.mc assumes that the speed •>( ihe smtrte 

'' " ?*■ ••"v obl.iins for die pvrteive.1 rieouen- 
IV 111 snimd 1 

t‘ e J[lf±Mpi| - /| l±(ifVl| (3j 

It! the limit « = ,./■=,! lf , r „ R . rcit: di llK , iit . 
serva. I tir the appri nulling obsener.y’ = 

In Ihe Eormet tase. stiiuid waves do not ie:u.h 
[he iibservcr, and die sound is 1101 peicepii- 

1,1 ,ht ' 1:1,1 1-1 ‘-use. die pin It moves up bv 
:m nil ave. 1 

if mie assumes 1 h .11 die observer is st.it,,,,,. 

■Ul d.e.. m = i,|. one < , hr , ur i-s 

f T ~ f\rilr~v ) | 

Article u„ut. i.fl p, j [ttj 1 


I ABLE I . Historical Siimman-: From ihe ''In«anla.ieni. s " Prupagaiiot, c.r Light to d Finite Sneed of Li„|„. f 
. _ Applications of the Doppler* Effect 1 ^ Fnm D ' Sa,l ' er > 


IMic of 
Knrarrli 


1860/1862 

[80S 

1864 

1868 


”.n Cfb'"’ . «h™ - 

Nwember°29 IS w R : i " , ; lra,l,,:r,s . hn,l ' e . 

was 1 , 1 As ,l,e *«ond son lie , H7 , 

Father W l ° * cu,,u -' a sioneinnson like his ,gg, 
Cer fo” USCo1 w «k henldi be stayed las? 

P ea ?cla«e. C M e,1 |‘ lry scl, ° o1 and bad to re- 
vere he?.i Ie . lh . CT J lra,,,rcr red to Linz, 1889 

school and , tend ^ d d,e Finirih class of high 
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Believed spcctl of light ii finite 
Believed light propagates "■mianuncoiuly" 

Liglil propagates ‘ , inslanIalleously ,, : Mih proof! 

Felt more than he believed finite velocity of light 
Designed firu uicceurul astronomical telescope: proposed 
experiments 10 determine speed of light 
Believed lighi propagates “instantaneously" 

Discovery of law of refraction 
Believed lighi propagates “instantaneously" 

FirsL discovery u r a double star 
Disco vcry/dei erinlna lion of finite speed or light 
Light is a longitudinal wave phenomenon 
Associated specific wavelengths with each of several 
colors 

Discovery or aberntthni phenomenon 
Discovery of absorption lines in solar spectrum 
Ught Is a transverse wave phenomenon 
Huygens secondary wavelets combined with Voungs idea 
of interference 

Discovery of Doppler principle: associated with longitudinal 
theory or lighi 

Believed to have observed color changes in double sun; 
supported Doppler's Idea lhai color of stars changes due 
to relative motion 

Doppler principle valid for transverse theory or light 
Doppler principle verified in acousiks 
Doppler effect applies lo spectral lines hut not to color 
Negation or Doppler's principle 
Discovery of spectroscopic technique 

Resolution of Pelzvnl.Duppkr controversy 
First application or Doppler principle to astronomy 
Unification of light and eleclridly 
Detection of red-shifted H-line (earth recedes from Sirius 
with 47 fcm/s} 

. Doppler-shifted spectral lines measured at limbs of sun 
Interferometer experiment for speed of light and ciher 
Repeat of speed-of-lighl experiment 

;Discovery that Mirar In Urue Majoris Is a spectroscopic 
binary star 

Determination of orbital velodiy or Venus ' 

Existence pr electromagnetic waves verified 
First demonstration of the reception of electromagnetic 
"• signals- ■ ■ 

Doppler principle for liglil verified in lhc laboratory 
Firai iransaiMIc radio signal 

Developed iransfomialloiu lhai made Maxwell's equation ' ; 

invariant to all uniformly moving Inertial frames . * j 
Doppler principle tested in lhe laboratory on canal rays • 
•observing HydrogenFaimer-Hoc broadening ... , 1 

'b.rrt.iLitinn lif snedaJ theorv'of relativity 


• observing — , ,, 

. Formulation of.spedaJ iheoryfor relaUvIly 
Discovery of recession or galaxies 
FirsL radio echoes fipm Ionosphere u^lng continuous wave 
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Pirsl radio echoes from ionosphere using pulse method 

.. Determination of meteor speed with radio Doppler method 

' - ^r'unner atmosohere winds by radio echoes from 
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Researcher 

Empedocles 

Aristotle 

Heron of Alexandria 

F. Bacon 
li. Galilei 

J. Kepler 
W. Snell 
R- Descartes 

G. Ricciuli 

0. Rocmer 
C. Huygens 

1. Newton 

J. Bradley 
J. Fraunhofer 
T. Voung 

A. J. Fresnel 

C. Doppler 

B. Sestini 


B. Bolzano 

C. H. D. Biiys-Baliat 
A. H. Fizeau 

J. PctzvaJ 
R. KircliholT 
R. Bunsen 
E. Mach 
P. A. Secchi 
J. C. Maxwell 
W. Huggins 

H. G. Vogel 
A. 'A. Michclson 
A. A. Michclson 
F_ W. M or ley 
E. C. Pickering 

H. C. Vogel 
H. Hertz 
A. S. Pa|»v 

A. Qciupolsky 

G, Marconi - 

H. A. Lorcntz. 


A. Eimtdin 
E.P, Hubble 
1 E. V. Appleton 

. M. Barnett 
G. Brcii 
. M. A. Tiivc . 
D, D; Cherry 
C. S. SltjTnan 
L. A. Manning 
O. G. Villard . 

’• A. M. Peterson 


Dale of 
Researcher 

492—132 R C. 
.184-322 B.C. 

•'-62 A U. 
1561- I62G 
1564-1H42 

1571-1630 
1591-1626 
1596-1650 
1593-1671 
1644-1710 
I 629-1695 
1642-1727 

1692-1762 

1787- 1828 
177.1-1829 

1788- 1827 

1803-1853 

1816-1890 


1781-1848 
1817-1890 
I8I9-I89C 
1807-1891 
182-1-1887 
1811-1899 
1838-1916 
18 IB-1878 
1831-1879 
1824-191(1 

1841-1907 

1852- 1931 
1852-1931 
1838-1923 
1846-1019 

1841-1907 

1837-1804 

1859-1906 

1854-1934 
1874-1937 ■ 

1853- 1928 

1874-1937 

1870-1955 
1889-1 95 S 
1802-1003 

1800-1681 

1901-1982 
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Article (rout, from p. 1193) 

where v is ihe speed of ihe source. In the 
limit v = c.f = //2 if ihe source is receding, 
and f » w if ihe source is approaching. 
Here, for the receding source the pilch of a 
tone moves down by an octave, while for an 
approaching source ail wave crests arrive at 
the observer at the same time, producing a 
sound of infinite pitch which cannot be 
heard. 

At the conclusion of his 1843 paper, Dopp- 
ler acknowledged that "Olaf Roemer taught 
us a value for the velocity of light,” and mat 
many years thereafter it was a general opin- 
ion (hat “no bodily motion in the heavens 
could compare in magnitude with that of 
light. n He also stated that "there was Bradley 
who gave us the aberration phenomenon." 
Doppler went on to say that "if die orbital 
speed of the earth (4.7 mils with 1 mi » 6.38 
kin) produces an aberration of 20 seconds of 
arc, why should not a much larger speed 
cause a change in color and intensity or 
light." lit fact, Doppler does not speak of “a 
possibility of such large speeds but rather of 
a necessity.” 

The verification of Doppler's principle lor 
sound followed soon thereafter when Aun- 
Ballol f 18451 placed musicians with excellent 
pitch perception along the rail mad tracks be- 
tween Utrecht and Maarsen. They estimated 
for approaches and recessions the pilch of 
the lone which a horn player produced on- 
board a moving train. The speed of the train 
was determined with two chronometers and a 
marked 100-ni distance along the track. 
Among the astronomers of his time, only 
Benedetto Scat ini from the Collcgio Roma nn 
believed in Doppler's ideas on the color uf 
Mars. Scslini claimed dun lie had noted color 
changes in binary stars. 

Tlie laboratory demonstration of Doppler's 
effect for light was, of course, much more 
difTkuk than for sound, but it was carried 
out ill die year 1900 by Belopolsky [I90l|. In 
ihcfollowing year, Midtelson [190] j, without 
calling Doppler's principle in cpiesiiun. sug- 
gested that the change in perceived frequen- 
cy may be caused not only by mot ion id the 
source or the olnerver but also by a rapid .li- 
teral ion in the density or the medium crossed 
by the light ray. 

Controversies 

Color of Stars 

Two controversies evolved around ilnpp- 
ler's work, which was challenged by Buys-Uul- 
loi arid Petzval. Ah hough Buys- U allot had 
verified Doppler's principle for sound, he re- 
jected the application of ibe principle to ex- 
plain the color of binary stars on the follow- 
ing grounds: 

1. The human eye docs not have ihe sen- 
sitivity to color that Doppler believes. 

2. A change in color due tu the moiiun of 
a star cannot occur because should a part of 
the red spectrin n disappear, ultraviolet re- 
serves would appear; similarly, should a part 
or the violet spectrum disappear, ultra reel re- 
serves would appear. 

3. Known velocities of celestial bodies 
were about 2 x 1 O’ 4 of the velocity of light, 
too small for the eye to perceive color 
changes resulting from motion. 

Nevertheless, 7 years later, in 1832, Dopp- 
ler, not accepting Buys-Balloi's critique of his 
change-of-colar hypothesis, reaffirmed his 
conviction that the color of stars would be an 
aid For determining the trajectories of celes- 
tial bodies. This conviction was based on his 
seemingly unchangeable belief that the spec- 
trum is a band of frequencies terminating at 
the red and violet, so that a receding motion 
of the source would shift the violet to the 
blue where the observed spectrum would end 
[Andrade, 1959]. It is interesting to note that 
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the expansion of the universe, when deduced 
from observations of increasingly remote ce- 
lestial objects, can give rise to color changes 
which Doppler originally anticipated for his 
stars [GUI, 1965; Andrade, 1959], In spite of 
this development, Buys-BalluL's objections, 
which Doppler refuted [ Doppler , 18-16], were 
correct. 

Doppler tied his principle to the longitudi- 
nal theory of light waves, assuming an ether, 
as Huygens did, but with the difference thaL 
ihe ether's individual panicles arc much finer 
than those of matter and could not be 
weighed. Although the transverse theory of 
light waves had been formulated by Young 
[5/one. 1963] in 1817, Doppler, while ac- 
knowledging in 1842 its success, remarked 
[Doppler, 1843] "that to believe this theory re- 
quires a lot of faith.” Later, however, Doppler 
started wondering about whether his princi- 
ple would he compatible with the transverse 
theory of light waves [Loreutz, I907J. His 
doubts were dispelled by the Weltpriester 
Bolzano [Haas, 1904]. 

PeizvaPs Challenge 

The validity of the Doppler principle was 
not universally accepted by men of science, 
die chief antagonist being Petzvui. Peuval was 
burn on January G, 1807. in Szcpes Bela, 
Hungary, the son of an elementary school 
teacher. At age 30 he became professor of 
mathematics and mechanics at the University 
of Vienna. He made significant contributions 
to the development of optical lenses for tele- 
scopes, microscopes, and binoculnrs. At one 
time he was assigned 10 military gunnel's to 
help with computations. The entire British 
Navy was eventually supplied with his binocu- 
lars. When thieves stole a large manuscript 
on optics from his apartment, he retreated to 
mi abandoned monastery. From this domicile 
he rode daily on an Arabian horse to the uni- 
versity to give his lectures. Petzv.il died in Vi- 
enna. an almost forgotten man, on Septem- 
ber 17. 1891. 

It was shown earlier that according to 
Doppler, "i lie received frequency reaches in- 
finity if the observer is at rest and die source 
moves with the wave speed in the medium." 
If the source moves faster than the wave 
speed, the received frequency would he nega- 
tive. Thai cannot he, since the medium would 
lie dragged along by the moving source and 
waves would form in the direction of motion 
such that the received frequency would have 
a finite, jiositive value. 

Doppler made the error in believing that 
his elementary formulas were not appinxiina- 
lions but would predici the exact magnitude 
or die frequency change. He ignored the ef- 
fect that a moving body has on the state of a 
physical medium, omitted the medium from 
his formulas, and considered his equal ions as 
representing iiqi only the pure principle but 
also the physical event. This gave Petzval 
[1852] the opportunity to prove Doppler’s 
formulas to be in error relative to ihe physi- 
cal event. Pctzval went farther, however, and 
extended his criticism to the principle iiseir 
\Gasmuer, 1950]. 

What was Petzval's argument, which sur- 
faced about 10 years after Doppler's presen- 
tation in 1842? How was it resolved? Let us 
first state Petzval's law: IF a source is located 
in a medium and all particles constituting the 
medium have identical velocity vectors and 
the required continuity condition of the How 
is satisfied for all points at rest with respect to 
the source, then the received frequency 
equals the transmitted frequency irrespective 
of the physical properties and state of motion 
of the medium [Gassauer, 1950]. While Dopp- 
ler acknowledged and appreciated the value 
of Petzval's law, he rejected the claim Tor its 
broad applicability. Petzval. in turn, rejected 
Doppler’s principle. He also rejected popular 
views as providing no cognitive values for sci- 
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Fig. I. A 24-hour record of signal amplitude (microvolts) mid Doppler shift (Hz) varia- 
tions for two high-frequency transmissions, originating from tinie station CHU, Ottawa 
Canada, received al an Air Force field site, Bedford, Mass., after reflection From ionospher- 
ic layers. The surface distance between the sites was 480 lun. ppcraiing frequencies were 
7.335 and 3.33 MHz. < 




emific understanding and claimed that to dis- 
cover a principle of nature, one must start 
from differential equations. 

The dispute was resolved conclusively in a 
series of articles published by Mack [I860, 
1861, 1862]. Mach showed that Petzval's rule 
was valid only when source and observer art* 
at rest with respect to each other. Doppler's 
principle, on ihe other band, applied to any 
relative moLion between source and observer, 
with Petzval’s rule being only the special case 
when that motion is zero. 

Modern Applications 

Wide applications of the Doppler effect to 
fields other dian astronomy have emerged 
only since World War II. Pulses of sound arc 
backseat lered from turbulence in the air by 
using a doppler acoustic sounder. The fre- 
quency of the radar echo shifts with ihe 
speed and direction of the wind. The wind is 
made “visible" by converting the numerical 
data into colors. This system has been used at 
factories to monitor the dispersal of pullut- 
ants and at airports to test wake turbulence 
and wind shear [Ruby, 1983]. Satellite mea- 
surements of atmospheric winds were made 
by using Bragg scattering of microwaves from 
centimeter-long surface ocean waves witli am- 
plitudes that vary with the wind speed just 
above the ocean surface [Hibbs and Wilson, 
1983]. Doppler radar observation techniques 
are now revealing how a tornado is spawned 
by a thunderstorm [Snow, 1984]. The Mfiss- 
baucr effect [S/oh?. 1963] was used to deter- 
mine the apparent weight of a photon by al- 
lowing gamma rays to fall under gravity 
[Potuid and Rebfui, 1 960]. Doppler speeds or 
the order of 10" 3 cm/s between an emitter 
and absorber or gamma rays were used to re- 
dtice resonance absorption while searching 
for least enums of tinahsorbed rays to obtain 
the wanted quantity. 

The Doppler effect is also important in the 
study of wavelike perturbations in the iono- 
sphere by means or high-frequency transmis- 
sions [Toman, 1976]. As the height of iono- 
spheric layers is constantly changing, the 
propagation (phase) paths vary with lime 
causing frequency shirts. This is illustrated in 
Figure 1. Over a 24-hour period, signal am- 
plitudes and Doppler frequency variations at 
two operating frequencies originating from 
the time station CHU in Ottawa, Canada, 
were simultaneously received and recorded at 
a field site in Bedford, Mass., separated from 
ihe transmitter by a surface distance or 480 
km. Time is read from light to left. The up- 
per record illustrates the signal behavior for ;i 
carrier frequency uf 7.335 MHz, the lower 
for 3.33 MHz. In each record the signal am- 
plitude trace in microvolts is shown at the 
top, while Doppler shift traces associated with 
lime variations of ionuspheric phase paths are 
shown at the boitum. Vertical lines mark the 
hour, and horizontal lines identify rhe 0.5-Hz 
Doppler frequency interval. For 7.335 MHz, 
a 0.55-Hz Doppler shift corresponds in a 
speed of 20.44 m/s; Tor 3.33 MHz. a 0.5-Hz 
shift corresponds to 45.04 m/s. A relatively 
siable frequency trace is present Tor the 3.33- 
MHz carrier between 0800 and 1600 EST: at 
about 1630 EST a solar flare effect is identifi- 
able by its doppler signature. 

Conclusion 

While Doppler's principle had a controver- 
sial beginning, the applications to astronomy, 
radio science, geophysics, navigation, commu- 
nication, radar detection, meteorology, phys- 
ics, etc., are impressive and growing. Doppler 
was the first to postulate changes in perceived 
frequency due to relative motion between 
source and observer. Consequently, his con- 
tribution links the early findings of Roemer 
and Bradley with those of Lorentz and Ein- 
stein. 
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NOAA Satellite 
Set For Launch 

The fcitest in a series uf National Ocean k 
and AimospliLTit. AdniiiiisiiaUun (NOAA) 
nietctiiokigkal satellites is scheduled lor 
launch from Vandeiiherg Air Foue Base, 
Calif., on Deicmbei I, I98 |. High surlacc 
wintls tleluyed the hiuiH.lt Imiu the uriginidlv 
scheduled dale of Noveinher 8. '| lie 1712-kg 
satellite, the NOAA-F, is in Ik.- laiuuhctl m an 
altitude ol appioximately 870 km mm a cir- 
cular near- polar miiit. I he satellite is the 
sixth in the un rein series nl 1 1 NOAA said- 
liies that collet l meieoiolngkal leadings and 
transmit the data lo ground stations for local 
weather analysis and Inrccnsiing. 

The .satellite, built by RCA Asinn Elect nm- 
ics, is an advanced I'lROS-N ('l elevisioii and 
Infrared Observation Satelliie) and was litiili 
at a wist of S43.5 million, in addition lo 
equipment Inr the collection olTncicurcilugi. 
cal data, the spacccrali cauies iusinuneuta- 
tion that will allow it to nick up emergency 
transmission signals of flow tied aircrali and 
marine vessels in distress to help lestuers lo- 
cate them. The instrumentation is pan of a 
four-nation pingr.im involving the United 
States, the Soviet Union, Canmhi, and France. 

NOAA-F, which will he called NOAA -9 
once in orbit, carries an earth radiation bud- 
get experiment that will work in conjunction 
with the Earth Radiation Budget Satellite 
(ERBS) that was deployed from the space 
shuttle in October 1984. Other instruments 
carried on board the spacecraft include an 
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flow J? L he ^ ase margins of the 
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lava fln» aVa , ,evc ? s * interior of the 
ttiotnrh ^jnained molten and fluid ■■ 
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As 4latoP^y of Kenhetl1 Windorq, ■ 
Sclehc!^ ^Paruheri j! of Eartlt 
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Scientific 

Instrumentation 

The National Science Foundation (NSF) 
pRMinrani 'fCS*IP ^ c ' cnce In Mrumentadan 

I rogiam (CSIP), is now accepting nronusaU 

from qualified undergraduate colleges^ 
miwniiims for ihe purchase of laf^raiory 
a id insi n|c,, o, ,al equipment. CSIP provides 
matching support from $5,000 to $50,000 for 

aUcienrifi 1 iostrucuon- 

al sc ent'fie eqmpmem or renovation, replace- 

The In ^ ° f exislin S Wnwnt! 

he deadline for submission of proposals is 

January II, 1985. All fields of scienfe and 
engineering are eligible for the grams. 

Proposals will be evaluated on the basis or 
performance competence, intrinsic merit, 
utility, or relevance of the project, and effect 
on the infrastructure of science and engineer- 
"tg. Evaluation and processing of proposals 
wt require approximately 6 months. Awards 
will be announced by June 1985. For further 
informal ion, contact College Science Instm- 
meiuanon Program. Directorate for Science 
and Engineering Education. National Science 
Foundation, Washington, DC 2f)55f). 
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Volcanic Events 


NSB Nominations 

Ibcsklmt Reagan has nominated three 
members tu the National .Science Baaid 
(NSB). the governing U,tlv of die Naiional 
Srieiicc KnuiuLitimi (NSF). None have been 
confirmed by Congress. Tficv are Simuii 
R.iiii.1. direi tur of TRW, Inr.; Annelise G. 
Audc'isim. ,1 seitif.r research fellow at the 
Hoover Insti tut km, Sianfnrd I'niversitv: and 
K. Jinic Liitclsiedi-Siva. manager for em-iron- 
ineiitai sueiiccs at Atlantic Richfield ( in m pa - 
"V and a director of the Federal Home Loan 
Bank of San Francisco. Rita R. Colwell, vice 
president lor academic affairs and professor 
nl iuiciiihi.i|iigy at the Lhiivcisitv of Mary- 
land. is the newest NSB member. Five vacan- 
cies icmaiii mi die board. 

Comet Quest 


To Iwgiii the celebration of the return of 
Crnnet I fitlley, the Smithsonian Institution's 
National Air utid Space Museum in Washing- 
ton. D. C., has created a new planetarium 
show called "Coinei Quest.*' The show ex- 
plores the recorded history of comets, first 
studied 24 centuries ago in ancient China, 
and highlights wlt.iL has becunte known ns 
Halley’s (outlet, which will became visible in 
late 1985. 

Geophysicists 

Muawia Baratanfi, a senior research asso- 
ciate at Cornell University and a specialist in 
seismology, has been appointed an adjunct 
professor and member of the graduate facul- 
ty in Cornell’s Department of Geological Sci- 
ences. 

ferry D. Mahlman has been appointed di- 
rector of the National Oceanic and Atmo- 
spheric Administration (NOAA) Geophysical 
Fluid Dynamics Laboratory in Princeton, NJ. 
Mahlman has been with NOAA since 1970. 

Rosalind B, Mended of New York Universi- 
ty and Josephine Y. Flags/ of Wayne State 
University were among 29 female scientists to ' 
receive awards under the National Science 
Foundation (NSF) Visiting Professorships for 
Women program. Total amount for ail 29 . 

awards was $2.09 million. 

William Jason Morgan of Princeton Univet- 
sity has been granted the New York Academy 
of Sciences Award in the Physical and Mathe- 
matical Sciences. The presentation of the 
award will be made at die academy's annual 
meeting in New York City in December, 

: Several staff changes at NSF; were gn- . .. 
nounced recently, Garrett Brass, oftheUm- ; . 
verslty of MiamL ^ appointed Pro- 

gram Director, Otean DriUing ProRram. Divi- , . 

*|on of Ocian Sciences. Hp succeeds Herman 
Zimmerman. Richard B. Lambert, Jr. 
appointed Aisoriate Program pirectot. Great) 
Dynamics Prograpt^po in.theDivis.onof ■ . 
Ocean Science*. Clifford been - 
Fadl tjeS'Manageri. .• 
SdettefiSi He.'sup-' 

.. 


M laVa P rodl, «ion ends, 
earthquake swarm starts. 

nhm? fl r (,ce,and,: Sa ^lli«es detect SOa-rich 
plume from September eruption 

hrtmht t* ,A ?T'? Cal: L!,r 8 e ptimiccutis 
bombs, lava lake frozen and uplifted. 

flezynuanny (Kaincliatkn, USSR): Ash 

c oud; pyroclastic | lcilvs . pflrl of dlimc |ic . 
stroyctl. 

Mayon (Philippines): Eruniivc activity de- 
clines. hut rams generate laltars. 

Biilusan( Philippines); Vnlcattic cartlt- 
quakes and sligln inflation. 

Rabaul (New Britnin): Large earthquake 
swarm accompanied by rapid uplift. 

Bagana (Solomon Islands): Lava (| uw c ..n- 
itnues; earthquake swarm. 

Balbi (Solomon Islands): Boiling mud. ac- 
five rinnaroles, and sulfataras. 

Lolnru (.Solomon Islands): Snlfaiaras active 
on dome ami flank. 

Aso (japan): Block and ash ejection from 
iiimrirole. 

Kaitoku Seiimoum (Izu Islands. ]d.»m): 
Discolored watei aflei 3 inonilis of quiet. 

hdauea (Hawaii): Phase 26: si tor lest «.r 
I9H3-19H4 eruption. 

Mount Si. Helens (Wsuliiiigion): Dclnrmn- 
Uon. seisnikitv. and gns eiiiissiun low. 

Ol Doinvo Lcngji (Tanzania): Fiimarolic 
activity. 

Aininspherk Effects: Lidar cl:it:i from Italv 
and Germany. 

,., B ” ymiann >' Vokano ’ K.iiij rhutka Pr, u nuclei. 
LSSR tnu.orx. 160- The t/uuied mnhritd 
« a report flow G. )>. Hogosavlemkit\a ,uul P. f. 
Tokarev. 

“ Activity at Bezymiaiiny increased front 
late September through mid-October. On 
September 4. small surface earthquakes be- 
gan la be recorded at a seismic station 13 km 
from the volcano. Bv October 8. the number 
or recorded events was 300 per dav. On Oc- 
tober 9. ash ejections became frequent and 
rockslides occurred from the dome. On Octo- 
ber 13-14, the eruption entered its main 
phase. Volcanic tremor began, and an emp- 
Lioit column ruse to 5 km height. Several ex- 
plosions destroyed the E portion of the sum- 
mit dome. Pyroclastic flows descended along 
two routes, the larger more than 8 km long. 
Ashfall occurred to the ENE. The ash layer 
16 km NE or the volcano was 2 kg per m z . 
Weaker activity followed, and by October 19 
the eruption was over." 


No eruptions of Bezyniranny were known 
for more than 250 years after the Russian 
discovery of Kamchatka in 1697. Ash crtip- 
nous began in 1955, followed by lava dome 
extruston and itilnisivc activity, ciilmanaiing 

sVlOAfiT"' 3 dlrCr,C | i e *P lus '°» «n March 
3U, 1956. that destroyed the summit and 

ormed a large crater, elongate in the east. 
Lava extruston resumed, punctuated by nu- 

I episodes, and has contin- 

ued, building the Novy (new) dome (G. Ye. 
Bogoyavlenskaya and 1. T. Kirsanov, 25 
Years of Activtiy- at Bezymianny, Volcano!. 

P P~. ? ~ 13 ’ 198 *>■ Bezymianny'. Iasi 
infls n ^L CUvi ^ was ari eru prion May 22. 

premonitory seismicity (see 
SEAiN BuHetn, 8(b)). Strong explosions eject- 
ed ash to 5-6 km heights, part of the tai 
dome was destroyed, and a 4-5-knt-long py- 
roclastic flow' deposit was observed al the E 
foot of the dome. 

Information Contacts: G. Ye. Uogoynvlens- 
kaya and P. I. Tokarev, Institute o? Volcano!- 

KSsussr. 9, Pe,ro,Mli “*- Kamd, “ 1 - 
ic uTm‘f 7 fwv°- To " gtt s p "" f - 

While traveling southeast «.r Fiji in M nv , 
June, and July, Dutch ships encountered rafts 
ol floating pumice, probably from the March 
crupuon or Home Rcer (see SEAN Bulletin. 
y(2 and 4)). 

On May 14 between 1200 and 163U LIT, 
the m. v. Amanda Smits traveled through flout- 
ing pumice from [8.IU°.S, 178.9t) a E to 

wnu?'m ^■ i7 ° V r 1575 ^"il 74n km 

WN\\ of Home Reef. Ihe pumice ranged in 
size from gnt ui large dice." 

A volunteer meteorological oltsci rer 

aboard the m.i>. Nedlloyd Mfun.iar reported 
that the vessel first encountered i mitt ice on 
June 7 at 1900 UT at 21.58°S. 177 N5°W 
(about 43fl km SW of Home ReeD. Steaming 
on a course of 282° (slightly N of W). the ship 
continued tu pass through pm nice tails of 
vurving density lor neatly 2*u km, with the 
last "Ijscivation on June 8 at 11511(1 Lf 1 at 
21. US’S. 1 79. 53’ E (about 635 kin WSW of 
Homic Reef). I*u mice fragments tanged in 
st/c from “I, ne grit " to about Hi cm in diaine- 
ter Live shclllislt up m 1 rni across that 
looked like mussels wete attached to some 
puitikr fragments. 

The ui.r. Ncd/byd tlureelum sailtil tlirimglt 
small .timiuiLls nl pimiite |ulv 20-21; her ti.i- 
.sitiuns July 20 at ISlJU LI'f and July 21 
0U0U were 22.4°S. 178. /’L and 24 ti'S. 

178.7’E. abiuit 775 ,iud 875 km SW n't Hume 
Reel. Pumke fragments readied a maximum 
size or _-3 cm and were .digued in E-VV 
strands up to several hundred meters long. 

I hint fee was first tejKined in die liciuiiv of 
Mjt in April. By early May, latge pumice rafts 
m several regions around Fiji lorced sfiips tr. 
return to port and hud covered the shorelines 
or many islands (see SEAN Bnilrlin, 9(7)). 

Pumice reached Futuna and Alofi Islands in 
April. Vanuatu by laic June, the Loyally Is- 
lands m August, and New Caledonia bv early 
Septemher (see SEAN Bulletin. 9(8 and'9j) 
Information Contact: L. J. Maliieu. Head, 
Bureau of Marine Affairs, Division or Ocean- 
ographic Research. Royal Netherlands Meteo- 
rological Institute. Postbus 201. 3730 AE De 
Bill. Netherlands. 

Rabaul Caldera, New Britain Island, Papua 
New Guinea H.27°S, 152.20'E). All times are to- 

News front, an p. 1196) 


: : Handbook of 

l : Mathematical Models ( 1984 ) 

Waier Resources Monograph Series 10 

I. Javandel. C. Doughiy, and C. F. Tsang, 

240 pages • soflbound * llluslrailons $ 1 6 

Wrlflen in a clear siyie, ihls work reviews, selecis. and demonsiraies 
ihe best and mosi practical mathematical models lo predici the extern 
of groundwaier subsurface oontamlnailon. Primary emphasis Is given 
io ihe use of simple formulas and comprehensive tables, resulting In a 
readily usable guide in the fleld, ■ . ' 
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NeWS (cant, from p. / /9jfj 

col{*= UT + 8 hours). This report is from P. 
Lowenstein. 

_ "Seismicity arid rates of ground deforma- 
tion reinlensified at Rabaul Caldera in Octo- 
ber. The total number of caldera earthquakes 
for the month was 6,749, and seismic energy 
released was 1.5 x 10 10 ergs, as compared to 
•1,048 earthquakes and 9 x [Q 16 ergs of seis- 
mic energy released in September (see last 
month's SEAN Bulletin, Eos. October 23, 1984, 
pp. 771-772). 

"The increased level of activity was due 
mainly to a seismic and ground deformation 
crisis on October 18. The seismicity was con- 
centrated in the Blanche Bay area and in- 
cluded four moderntc-io-sirong earthquakes 
(ML ^-9. 3.6, 3.35, and 3.3). The seismic en- 
ergy released during the crisis amounted to 
1 4 x 10“ ergs, about 90$ of the month's to- 
tal seismic energy. Till changes measured 
soon after the crisis indicated a deformation 
source immediately oiTsliore (W) from Sul- 
phur Point, at die N edge of Blanche Bay. 
The maximum measured till change was 


about 90 micruradians. Using a point-source 
model, the deformation source was calculated 
to'be about 1.2 km deep, and the volume 
change at the source alum 1 x 1 0» in- 1 . The 
uplift at Sulphur Point was about 100 mm. 
The ground deformation associated with the 
crisis was very localized. Al the SE coast of 
Matupit Island, about 1.5 km from the defor- 
mation source, the uplift was only 33 mm; at 
the N shore of Greet Harbour, about 2.5 km 
away, it was only 5 mm. No marked horizon- 
tal deformation took place in association with 
(lie crisis. 

"In addition to (he crisis on October 18, 
there were a number of seismic swarms and a 
few madcraie-io-sirong discrete earthquakes. 
The most notable of these events were a 
swarm at Greet Harbour on October 8 (maxi- 
mum Ml 3.8), a nioderate-to-siroug earth- 
quake {Ml 3.8) at die entrance to Blanche 
Bay about 10 hours after the crisis on Octo- 
ber 18, and seismic swarms from around the 
Vulcan headland on 24 (maximum Ml 2.8) 
and October 26 (maximum Ml 3.2). 

“Most of the ground deformation in Octo- 
ber took place on the 18th, but lilting and 


Time, UT Magnitude Latitude Longiuule Depth of Focus 


Oct. 9 1154 4.0 m„ Lc 34.72°N 85.16°\V 5 km N\V Ccorsia 

Oct. IS 0948 5.4 Af, 40.57°N 42.50°W shallow Senkayu F Turkev 

Oct. 18 1530 5.3 m h 42.43°N 105.78°W 20 km central Wyoming 1 

Information Contracts: National Earthquake Information Service, U.S. (.ieologicul Stnvev 
Stop 907, Denver Federal Center, Box 25046, Denver, CO 80225. 


uplift continued al a reduced rate around 
Greet Harbour For the remainder of the 
month. An offset of about 25 microradians 
was registered al 1 station on Vulcan a Tier 
the seismic swarm on October 26. The maxi- 
mum amount of ground deformation record- 
ed for the mondi was 130 niicroradians tilt 
and 100 mm of uplift at Sulphur Point. Huii- 
zontal deformation was mostly insignificant, 
although a distinct N-S dilation was evident al 
the mouth of Blanche Bay. This was due 
largely to a northward shift (about 50 mm) of 
Sulphur Point.” 

Information Contact: P. Lowenatein, Prin- 
cipal Government Volcanologist, Rabaul Vol- 


cano Observatory, P. O. Box 386, Ruluml, p a . 

pua New Guinea. 

Meteoritic Events 

SW Western Australia, September 30. 

Fireballs 

W Aiistiiilia; S Pacific Ocean; S central 
Kansas, central Oklahoma, N\V and central 
Oregon, Oregon- Washington, NE Texas. E 
Washington (2). 
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AGO Mew Books 

Groundwater Transport: 
Handbook of 
Mathematical Models 

Groundwater Transport: Handbook 
of Mathematical Models 
I. Javandel. C. Doughiy, nml C. K. Tsang, 
Water Resour. Momgr. Ser., vol. 10, AGU, 
Washington, D. C.. 1984, ISBN 0-87590- 
313-4. AGU members, $1 1!20; others, 
$16.00. 

Enormous amounts of waste materials po- 
tentially hazardous to groundwater are siurcd 
ur disposed of on or beneath the land sur- 
face. In many inslaiiccs. contaminants, in- 

Climate Processes 
and Climate 
Sensitivity ( 1984 ) 


A V 

^ .J 



Geophysical Monograph Series 
Volume 29 

Maurice Ewing Volume 5 

J.E. Hansen and T. Takahashl, Editors 
336 pages * hardbound * Illustrations 

Throughout the fourth biennial 
Maurice Ewing symposium, primary 
attention was given to fostering an 
understanding of basic climate 
mechanisms. The unifying emphasis 
of the symposium — and this ensuing 
proceedings volume — was a focus 
on climate Feedback processes within 
a broad range of time scales. The 
30 scientific papers are organized into 
the conventional divisions of atmo- 
sphere, ocean, and ciyosphere; each 
section bound together by the 
feedback process. 

30% discount to AQ(I members 

Call! 800 - 424 - 248 B 
(202) 462-6903 (local DC area or 
outside contiguous USA) 

Write: American Geophysical Union 
2000 Florida Ave., N.W., 
Washington, DC 20009 

Orders under $50 must be prepaid 
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eluding both organic and inorganic chemicals 
and bacteriological substances, are found in 
groundwater, indicating that many of die 
waste disposal sites communicate with under- 
ground water resources. 

Concerns over ground water pollution have 
resulted in the passage of legislation during 
the last decade calling for pollution control 
mid remedial measures to ensure pro|>cr 
drinking water quality. There are two main 
types of groundwater pollution caused by 
man: pollution caused by the use of pesti- 
cides, herbicides, and fertilizers over agricul- 
tural lands, where the source of contamina- 
tion covers a relatively large area, and pollu- 
tion caused by industries and municipalities, 
which is generally more localized. For the sec- 
ond type, bemuse the contamination in the 
ground witter is Idealized, the design of any 
remedial measure requires knowledge of the 
extent nf the contamination pin me. 

This book puts together a selection of vari- 
ous mathematical approaches and methodolo- 
gies for estimating the extent uf groundwater 
coma mi nation. The strengths and possible 
pitfalls in application of each method are 
clearly discussed. The methods presented 
range from simple analytical and scinianalyLi- 
cal solutions to complex numerical codes. De- 
tailed discussions of the assumptions mulcrly- 
ing application of the methods are given. Pri- 
mary emphasis is on the use of simple 
formulas and comprehensive tables so that 
the book is practically oriented and readily 
useable as a guide in (lie field. Listings and 
user's guides for simple computer programs 
are given, which enable the reader to extend 
the tables. 

Chapter l reviews major sources and types 
of common pollutants found in the ground- 
water. Some simple analytical methods based 
on the solution of applicable differential 
equations are discussed in Chapter 2. Appli- 
cation of these solutions is very simple and 
requires a minimal set of essential data. The 
use or several examples leads the reader step 
by step through the application of the materi- 
al presented. The accuracy of the results de- 
pends upon the degree to which the data set 
used adequately represents the field charac- 
teristics. In many cases, where the amount of 
available data is limited, analytical methods 
are perhaps the best approach to the prob- 
lem. 

Semianaiytical methods based on the con- 
cept of the complex velocity potential are dis- 
cussed in Chapter 3. These techniques pro- 
vide the streamlines for steady state fluid 
flow and the corresponding contaminant 
movement in the presence of an arbitrary 
number of sources and sinks. An average 
geological environment is assumed, and a 
schematic chemical retardation factor is con- 
sidered. A listing of a powerful computer 
code, KESSQ, and its user's guide are provid- 
ed. The use of several examples helps the 
reader to easily follow the approach and ap- 
ply the computer code to trace the path of 
contaminants within the ground water. 

Chapter 4 refers to sophisticated numerical 
models currently being used for calculation 
of How and transport of solutes. Key charac- 
teristics of different models and the persons 
involved in their development arc intro- 
duced. These models can generally handle 
the complex geometry and boundary condi- 
tions typical of subsurface media. Anisotropy 
and hctcmgciiiiy uf the media with respect to 
hydrological properties can be easily treated. 
Various transport processes, such as udvec- 
tiem, dispersion, diffusion, adsorption, radio- 
active decay, mid ion cxdtangc, can be con- 
sidered with some available codes. An exam- 
ple of the use of one such numerical model is 
included in this chapter. Finally, Chapter 5 
discusses (lie kind of data needed by each 
method and then addresses the selection of 
die best method for handling a given prob- 
lem. 

The strong point of this book is its ap- 
proach, which is designed to clearly present a 
selection of Important and complex mathe- 


matical methods in a format readily usable by 
the readers. The book will be an effective 
means of technology transfer from the scien- 
tific community to those responsible Tor in- 
vestigating a given groundwater contamina- 
tion site and making necessary decisions for 
remedial action. Extensive tables, as well as 
listings and user's guides of simple computer 
programs which can be used with widely 
available personal computers, are included 
for this purpose. 


[raj Javandel received 
his Ph.D. in Civil Engi- 
titering from the University 
of California, Berkeley, in 
1968. After spending I 
year of postdoctoral study 
at Berkeley, he joined the 
Pnhlavi University faculty 
Shiraz, Iran, where 

the Chairman of the ^^B »J 
Civil Engineering Depart - 
menl and taught courses in hydraulics and ground- 
water. He also taught courses in flow in porous 
media at the University of California, Berkeley 
during 1973-1974. He has been a staff scientist 
in the Edith Sciences Division of the Lawrence 
Berkeley Laboratoiy since 1980. He was one of the 
pioneers in applying the finite element method to 
flaw through porous media in 1967. His current 
principal interests are the hydraulics af wells, math- 
ematical modeling of gioundwater contamination, 
and underground injection. 

Christine Doughty re- 
ceived a B.S. in Engineer- 
ing Physics from the Uui- 
versity of California, U ^^^B 

Berkeley in 1978 and is Hjft 

noa' a Staff Scientist in the ^ 

Earth Sciences Division of 
the Lawrence Berkeley Lab- 
oratory. Her principal re- 
search interest is the inathe- MBMfwfi 
matical modeling of under- 
ground fluid flaws, such as contaminant transpoit 
in groundwater and hydrothermal flow in aquifer 
thermal energy storage systems and geothermal 
fields. Recent work includes studies in the chaiac- 
terization of aquifer thermal energy storage systems 
bastii on a dimensionless parameter approach and 
development of a thennal well test method for deter- 
mination of aquifer hydmulic and thermal proper- 
ties. Current research efforts involve extension and 
generalization of the semianaiytical models for con- 
taminant transport in groundwater that are dis- 
cussed in this volume. 


Chin-Fu Tsang re- 

ceived his Ph.D. in Physics 
from the University a f Cal- 
ifornia, Berkeley in 1969 
and is currently a Senior 
Staff Scientist and the Dep- 
uty Group Leader of the 
Hydrogeology mid Reser- 
voir Engineering Group in 
the Earth Sciences Division 
of the Lawrence Berkeley I 

Laboratory. Berkeley, Calif. His research interests 
range fro, n advanced well lest methods, flow offlu- 
<ds through porous and fractured media, andnon- 
^oir dynamics la coupled thermo, ne- 
chamcal hydrochemical processes in subsurface for- 
mations. He has carrieil out analytical and 1 
numerical modeling studies in reinjection into 
thermal reserve, n, aquifer thermal energy stomge 
themahydrauhe phenomena around a nuclear 
uvste geological repository, and contaminant 
transport <» porous fractured media. He has been 
^ ft lor °f ,h f International Seasonal Thw- 
S'iTS Sl0 V Q u ^rlv Newsletter for 
, last j 5 J™! 5 flnrf aw one of the editors for the 

1° W? « ™ TT n,al Geo, °8y/«w 1 1980 
o 1984. Hu menl interests are gronndwatet C on 



RATES PER LINE 

Position/ Available, Sendees, Supplies, Courses, 
and Announcements: first insertion Sft.Ofl, ad- 
ditional insertions $4.25. 

Positions Wanted: first insertion $2.00, addiliun- 
al insertions $1.50 

Student Opportunities: first insertion free, addi- 
tional insertions $2.00. 

There arc no discounts or cum missions on 
classified ads. Any type style that is not publish- 
er's choice is charged at general advertising 
rales. Eos is published weekly on Tuesday. Ads 
must be received in writ ing by Month v, 1 week 
prior ici the date or publication. 

Replies to ads with box mini hers should lie 
addressed to Box — . American < .et. physical 
Union, 2000 Florida Avenue. N.U\, Washing- 
ton, DC 20009. 

For more information, tail 202-462-6903 or 
toll Tree 800-424-2488. 


POSITIONS AVAILABLE 

Massachusetts Institute of Technology: Haystack 
Observatory/VLBI Radio Astronomy. Hat stock 
Observatory invites aimlii.iiiiin.s lm a one ve.tr term 
appnimment. ; eiiewalilc fur a set nml yeat, l..r a n-- 
cem I'n.lJ. recipient in radio inlet h-minetl v. Appli- 
cants should have an ciilliiisiasiie iim-n-M in the 
smdy of exiraeal.ietir and gal.it lit ratlin tiiiir.es 

llu. nigh VI.Hl. 

Iljvstai k is the .tile the Mai k III Out claim, 
and » in the process ol adapting a lJiinionipiilcr 
lur application to imaging and post-pruivvang cl 
--H-ual data, including an implement. ninn «d 

1 lie successful candidate will he exuetled to i.nry 
cun a research pmoi.iin Ijnih intlcnciKlciillr and in' 
collaboration with Haystack VI. HI stall. wIkau cur- 
rent research programs itulude tuilliiiu-li-i -wave- 
length \ LBI. hum supci luminal and stable lomiiact 
sources, and radio stars. A viguilicaiii Iraetioii ol die 
reward ic r s lime will be ilevoted to stippoit oi Ob- 
servatory activities, including lirtiLcvtiiig anti 
posiprcic cuing of dau Itoiu I fie Mark III 
tasrrelaior nr jxissiblv In sunixiri »| ILS. V'l.HI Net- 
work ubscr vat intis. 

I'lease write, enclosing resume, tor 
. J.'I. Kiiiaku 
Assistant in die Duct lor 
llavstack Obseivaturv 
Westiotd. MA OIXNli. 

The Uni vorslly of Mlnncsulai Slruelind Geology/ 
lectoitiCB. flic University of Geology and Gru- 


TectpiilcB. flic University of Geology and Geo- 
physics invites applicaiituis lot a new. tenure Intel 
pniilion in slruciiir.il geology and leitcinus. Candi- 
dates will lie expected in retry out an active iv- 
seardi program in their field nl interesi and to as- 
sume teaching and advising responsibilities .it tilt' 
undergraduate and gi ailuate levels. A Ph.D. is rc- 
qmreil. The jiosiiioii will be available fall 1985. Ap- 
pltcatton deadline is February 1ft. HIHft. Applicants 
should send curriculum vitae, list oi publicadtms. 
statement or research interests, and names of at 
least three referees to Peter H inhesion, Chairman, 
Department of Geology and Geophysics, University 
'"-ri n 7f s ? la ' Minneapolis. Minnesota 55155. 

llie | University or Minnesota is an enuul opportu- 
nuy euurator and employer and .specifically invites 
anu encourages applications front women and mi- 
norities. 

Faculty Posit jon in Dynamical Oceanography. 

CI ? ,C P°? i,ion (mure trackj is presendy 
available at the assistant or junior associate profes- 
•or level in the Dcpanmcnt of Oceanography. Naval 
Kfcsigraduate School. An ocean dyimmidst experi- 
f. n « c n 1 j !D, wlel,n H of mcsoscale ocean processes 
is preferred. The candidate slioudl be comptetent in 
, nnlysis of pertinent observations, and be able to 
teach a variety of graduate courses in physical 
7. he applicant should have an 
earned Ph.D, with an academic background in phys- 
ral uceanography or a closely related field. Dcsir- 
ablc attributes include field experimental Interest 
ana eexperience at sea andjir a strong interest in 
sautitc remote sensing of the ocean. The successful 
candidate will be expected to each one or two quar-. 
ters per years, conduct sponsored research, ana 

u. u lu P c rvison. The access to computer. 
P? la archive, , and research vessel facilities is excel- 
lent. Basic nd applied research opportunities are 
aminitant. Interactions with ocean dynamlcists in 
t he Meteorology Dcpanmcnt are also possible. Sala- 
™ are attraaivc and arc tlciermlned by the qualifl- 
cauons of the successful candidate. BV I January 
i»M, send a curriculum vitae, hie nmes oand ad- 
aressM oi three references, anti a statement of i<- 
Karch and instructional Intertis to: . , 

Professor Christopher N'.K. Mooers, Chairman 
Department of Oceanography 
Naval Postgraduate School 
Monterey, CA 93943. . / - . . 

PP llca,, t* who are atrrendy doctoral canddjdate 
. wji be considered for appointment as instructors, 

■ irlk 3 ¥ nurB - lrac k appointment upon completion 
J!™ For aadjiionnl information, tele- ' . 

^^ Frofessor Edward B. Thornton at ,408-646- 


Postdoctoral FcIIuwshfp/Coastal Marine Scholar 
The Marble !khtimlk«unli Center is s<vkh,u 
recent Pli.u.s as i.uicliilan-s lor imM.ii,rt (1 ,-,| ... 
search ptisiiinii in any aqw.t id mm in,- m ii-tt, r 
coastal now inaii.igviiKnti, «u t elated <lbi itiliiu-s 
T™ ycats ol aiadetiut Ji-Jt wi|u.iMl |$|N.-Ah» |.,| |i) 
motlllw) will br provided ami m bnlars . n .- emuiii 
aged to )Nir»te flidr imrn reseat. Ii imereus. Sum- 
mcrsniqioil should be available Seiiit.iuh. r I 
All miuirvmenh f.n Ph.D. iiiusi be uumiliini 1,‘v ' 
rinw of .qijnibitiiieni. Submit ■euinte, detailed s i ; ue 
menl of reseat. It inleieMs ami three li-m-r. ‘ 
recoiiimerlaliiin by Febmaij Ift. I'lKft (., Dr [ Kirk 
Cochran, Marie Srieti.es Kcs. au h Ceiiici SUNV 
Stunv Brook. Sim IV Brook, NY 1 17*i t- T ,(j[i[i 

SUNY Stony llrimk is at. ail live aUi.H|/c.|ua| 

opportiiniiy edmaior .mil entpnyrr. AK#L'd!it:-8-|. 

Physical Oceanagrapher/North Carolina Slate Uni- 
versity. Applications arc invited Tor a nine- 
month, statu funded, tenitiv track tiositiou at the is 
smam or .van, tale prolessor level in .leMrimivc 
physical ticeaiiograiihy. I l,e successlul ap.,|u. in , wU | 
hasc a llt.D.. a ku kgnmnd iiim-eaii tiuiifatiun ami 
state of die art imn umniiaiioii, anti will |„. .. 

nl to develop a strong held prog,.,,,, 
graduate kwelc.Hiises.He s |,c will a bo have die 
oppnrlunuy «| m,er.K ling wuh ihinv-iwo deiui!' 
jiiciitbil tauny lit v;iii<iiijf iiic.h in iiicMiintrriiEmv me- 
tcoruliigy and ccoh.gv. Send i unit, ihnu ritae ai,d 
the names or three role, n ices In liiinun- 'I I lux's 
imDr. CLS.J.immitz. Cluaiini.m*. Seaul, Cuinmiitre 
at Physical Oteamwtajihv. .Depatiinem ol Marine, 
Earth ami AimospberK Sciences, Box «2nx, «=,. 
leigli, M. 27tlU5~82lW. lelephotie fl I U- 737.371 1 
Nortlt Ui.4i.ia State University is an e.niu) „n.' 
Dortumtv/u fintiative at non 1 1 


portunity/u If in native at lion employe)'. " P ' rents fm 

Rcophys 

Massachusetts Institute or Tcclmologyt Havstitck S™phy* 
Ohservatory/Aimosphcrlc Scientist. 1 [ |,e I bn - Rank an 

stack Ol, set vatory is a. u>|iting appli. aiious lor an «*sful 3 

anticipated Atirmsphei it Stk-irtisl positim, f„ r a ous rese 
year period, equivalent to a iioMrlcictoral aiiimint- iictivilici 
menl, to work HI the Ir.-ltl ol iijiik.-,- atiuostilteik menu oL 
pliysics w itlt the Millstone I fill !\i uhmiIwi {l S, iences ( Iynamic 
group. I he sctciiiisi mil pain ip.iie in the analvsk of the 'cacl 
data mim niiil!i-teclini<|iie expei i menial cauipaniis ,ion « a 1 

performed under die Global 1 hennosplwric^lan. pliranis 
P 1 "* s ‘Hi}>'.£ n ’ff ri,n f. tourdiiutcif ironi Mill- names o 

none Hill, the anpluatii sli.mld have smuc exucri- “resu t> 

ence in an area of upper annospheric science and lce Lhai 

familiarity with computers, magnetic Line formats AMI U 
computer gra|»Jiics aii.l display techniuiU. New ' Closing 
Ph.D. preferred. Please write, eticlosing icsmiie. to - Texas 
J.'I ■ K. irakii ' firmaiivi 

Assistatii tu i|,e Direcmi 
I lavst.uk ( ihsei v.itorv Compul 

. U'nlliitii, MA tllHHIi. Mem{ 

M T is an equal npp„, luiiav/ailinii.iihe aui.Hi manage 

employer. to menu 

7W clu 


Grology/Tfecionlci/ 
the Uniie&STfmhiS 6010 ^ and 

lions for h (enure track uosuin- apyJica- 
{&> ,wl(,I )ks 01 - tmonopEs « r^, slru . a . u ™ ^olo- 
'ns nusition will he filleR 1 nUapal “ U,ai 
k-ver. bu, applications by more prorestor 

oc considered. The imK "™ M Persons will 
emphasis in siructurafg eo j u ^ l Jir^ a with 
teOiHinphysics.. The^ on ? 1 lea °mc« or 

the opponunitv to icadTiiMhe Wl11 have 

specially and may ShJl&Sr ° l h -,' s or her 

el courses. The sucr P .,ba miniKluciory lev- 

■° riiSS *“ 'y 

graduate students Th/r^iW 1( ? v °Wn g 

snliniemology, geophniu ”- Ml i uctl * r>J geology, 
ogy. A vita ™ B^hemisiry and petrol- 

pennni £Z of 

i9w •ilfc'SSiSaS^r' * ? K ™ ber *1. 

1985 appointment Marling tn September 

SJS£- “i" 51 fi— *, 

M S e rW , * icl,, ^“ A&M University 


S^ 0 ^ ist / O,lio S ! at * University, Hk* Dep.ui- 
mem of Geology and Mm. r;.|..gt, | | K - tthj,, siaie 
Lnneraiy, invites .iplilii.uiotis for .1 tenure track 

fmsi i.; 11 for a M'lsiiiolngiM with ieseat.li 

cnisial genii .gy and lei u.m, s. 1 |,e sih . esslul ani.li- 

KXl^ C,Mrwl r l,in S «|*.ra- 

uongetqjhysiLS ionises, .idv.uKi-fj Ii.ihis hi his'li.-r 

,,Ll n T ,l, ‘ l1 ««|HT»w graduate 

stiidcnis. I qsld.K.I»i.d oi iuduMii.il .-xiM-thtKe is do 
nrable. Rank and vdarv u, P w^re Kut- 



Di K.ilpb R.B. von |-'i i-v 
(-11.11,111.111, Se.ii. Ii (aiiiuiiiilet- 
lk-]iariiiH-i]t idGii.kig, at„l Mim-ulom 
I no * Hun Slate Uimvisiiv 
(adiutiliux, o|| - 13 ^ 1(1 

, hi 1-422 -ftlilftiH 122 7221 

a r fu?[' , l - 1 "' 1 'll.- all. I .mI.1i.ss.-s 

rooii mn 1 H*"" 1 Ini 

kSSSS T pm R ' ' ,L “V h T ■*«««« 

nohinnn ' " 1,1 11 "Hnl: -q>* 

{dm Twv* 11 l : lll-,IIVr - h 'i> •» » h lolier I . 
h^ln„ l V.'- Wl "'I'" IIWIMMI ..III III- .4Maill.fl by 

SjJj "• 'hf •■iMiH.Mn ..I tin- Mil. broil,. 

Itfaflirnroiu Univei-sin- Ban n|u.il iqqiiHliini- 
>«anirnialive a. non .-iiijiIomi. 

»S2 l £!S^y?8 lie *? a J*I | * r lr/l l laneUiry/Diglial 1 nt- 

tome Invot ^ 1 *'•' tiiltilv l.i lie- 

|y UJttET- ‘ l, “ l M, liiiii,n> while riimib.,111 iiiis- 

ij" inlet ohI s, 11,,. National .Sjrne 

Itata ( a- ,,, ,. l al ,|,e ChaWa.il Spa.e Higlil 

iC; 1 ™; r» ,r, »« a i.ai m«T iux 

ciiti-d 0,1 "'Jll e <» data mi- 

will juju wVi'li V* 11 l l i‘ ']*•"’ indiviiliitiU 

3R " f, 1 } ^-n-h’iheia In king U.u.1 

ocrcii i'.. “".'“JH' |«i»n.« ily intended to la. Hi 

evu|vi„u .' "i! " "J s l ,; " stiencf data in mi 
itit lulled lew. | II,,I, R I l,ttI ‘■I'rininnieiil. I liesr .mivitic-s 

" «i«w '.ttabig. in. 

Prolrtt iilB,- « 1 IIII, I I ' M liiVa-H|l||u»«ii ■ mid spat .x rail 
U^eiuTiniVk ! ,lla ill 1 * , ' s - ,,| tMI | y and dtxiumiuu- 
f « comc bi i ^i ‘!c ll,,ll "K s ' Kcnei.ning in liiiiquc-s 
a ndanS: 1 data utquisiti.ni 

value-a.lr^]',i .' KL ' l, ‘‘ l 1 : lliMn 1,1 her 

couSSr'^ ft' *,"■ Rwti| rt I' «n- en- 

•IrncSS. At Mi'!? *' I* u l ,siu ‘ l 1 n » l 1 ■' sHlwinmial |urt- 
dmcewui hJj ,,n hough u Master's 


S,a,ion - Text 77843. 

Texfsftst n app,IC ? l “ n * " J a,lua D- 31. 19M5. 

fimK »bn emR" 30 ^ 

°Baa?BSS 53 r.ssa B 

manage a PDF 11/44 and /major faulS exua.nion 

m c£«n In ]“l , 7 r V. mic ™P ule r system cvJk 1 1/ 
7R5 class) ,u be dedicated to research applications in 
the Geological Scences and Geophysio^ardwarV 
and software are designed for digital seismic data 
acquisition, digital seismic data processing, and 
SS? re l wc * ,ll aiKm of gcuLigicjl and geophssi- 

The candidate must hjic at le.isi a BS degreein 
Llecinca) Engineering oF related 
■fo , I v»td\ V exnerience iuclud- 

ing I OR TRAN and ASSEMBLY: knowledge of var- 
ions Liimpuier bard ware ami two or more widely 

use, operating svslvnis: ability to jierlo nnneri- 

1 Jl ,Ll,a hiwrtrinlge »1 PAStbXI. amt C bn- 

giMgrs .lint KX\ 1 1 M opcraii.ui sysiem will belli. 

Salai v is iic-utiii..!,lo .lepcinliug on oxpciinue. An. 
pliiauis slim. |, | sulnnk .1 lesuiiiK, ...pii-s >.| acailenuc 
tiiinsmpis. and the names, addi esses ami teleiiliDi.o 
nunil>or5 ul tlircv irleieiwes m: 

lit. [er-Minu Chill 
Mcmpliis State University 
Iciinessre EanbiiuaLc Inforinatiou f’enter 
M. i.iiifib. I N 3x152. 

Auplic alums must be irceivcd |,v December lu. 

1UH4. 

Metnjihis State Universilv is an equal npi»jrliiiiitv/ 
allirm.ilive aiii.ni employer. 

University of Illinois at Chicago. The Depart- 
IIK-III ol ( leuJumcal Sciences seeks lo fill tenure track 
posituuis ptolxibly, 1ml n..| necessarily, at ihc rank 
ol auisUiii pu.ressor, probably c dec live Fall. I9H5, 
netidmg Inulgeiory approval, in one or both of the 
following dis. ijilincs: f) Geopliysirs (urererably in 
seistiKilirgv); 2) stilimeniary gcocliemtsiry. Eadi per- 
Min h rxjiccliHl in icadi bolli uiidcrffraduaic anu 
gi a.luate coutses and to conduct a vigorous rc- 
seHr.il iiiiigiam, iiictudlng the suix-nision of gradti- 
ale students, PliD required. Apjillcams should sub 
mil a ileiaileil resume, names and addresses of 
three ieieren.es, and an explanatory statement of 
irsean.li mnl teaching intcicsis by February 28, 

1985, to Rolx-i t DcMiir, De|iaitmenL of Geological 
Si jetties. University uf Illinois at Chicago, Chicago, 
Illinois BOfifiO. Rc|ircscniniiun of the Department 
will Ik* at tile AGU Fall Meeting in December. 

'I he University is im equal oppnrtunily/alfirma- 
llve union employer. 


November 27, 1984 Eos 


I national scienc^^^^ 

I FOUNDATION (NSF) 

I Program Director 

I instrumentation and Facilities Program 

I 1 ba filled on eff a permanenT f C0pfed S0rvic ® and will 

GH-15 be If 6 " 

tatinn fn IfT and deve| opm 0 nl of naw research Instrumen- 

Sgsataai as- 

tho 9 Phn 0 n P0rence ln geochemistry and/or geophysics bevond 

generS 1 ^ ^^ S ^®®^deSdT^ to^a PfTD^Troad 

send resumes indicating current salary to: Appllcants should 

National Science Foundation, 

Personnel Administration Branch 
1800 G St. NW, 

Rm. 212, Washington, DC 20550 
Attn: Catherine Handle 

When applying for the permanent posilion indicate #EX 85-2 In the 

tb e F IpHjFfF* “r 1 When app,y,n 9 for the National p 0 S- 

ion. For further Information call 202/357-7840. Hearing impaired 
individuals should call 202/357-7492. 9 P re0 

NSF is an Equal Opportunity Employer. Jm 


i r scare it turn [reining intctcsis try February 28. 

1985. It. Rolx-i i DeMtir. Doiiat intent of Geological „„ V 

& ietites. University of Illinois at Chicago. Chi^go, 0 ‘ 

Ilii„..ts noma. Reiirreciiimiun of die Dcpartmc.it Applicams sholld sltbmit a viu. representative re- 

prints, and a statement of teach in? and rrwarrJi in. 


t HXqngi is war. lung I... fill 

in ntetumoriil.iL pcii»l..gt, uiii.er.il.igv. 

and vnkijt.uli.gi .in.ici.HCii w ill, mu. lies nf 
pure last it*, remote sensing of volcanic land fur ms. 
or geophysical interpret at ion of subsurface inkanic 
leatures. Successful applicants are exprc.cii to ciler 
graduate and undergraduate courses in their spe- 
cialties and to develop a strong record nl funded re- 
search and publications. The positions are ji ilic As- 
sisiam Professor level, but appoint mem at higher 

rank will be considered for candidates with excep- 
tional ability and appropriate experience. 

Majur departmental equipment available includes 
“ « 'vciron microprobe, SOI, X-rav dilTracimn. 

ILP, AA. mass spec iro meters, IBM 3081 and 3033 
Matnlrame computers and Department VAX I j/ 
750, along with a wide v-.irieti of microscopes and 
accessories. Ongoing research related to the above 
positions includes studies of greenstone bell 
volcanic?, archean sediments, ocean floor and flood 
iusajis, fission-crack dating. K-Ar and Ar-Ar. oxy- 
gen isotope mass spectrometry, carbonate geochem- 
istry. and day mineralogy . 


SaSt E/S HP romlnemaTVnfcin 

gramminn ’is blit ii. a i !l .‘f" 1 i ,lll ' l . , f l,lit ' l,s . anoriltrailic rocks, 

Pend uixni nn /J,,iLn' i . a i ,t ' , wil l ‘If- iKlroucncsis of m 

send resume in- t w!!| ll 'l«r r ,< 1,1,1,11 a,K * irilerexl*. gcntbcrmomeiry i 

fa^’iif? WiHumsun the evolution oTo 

• ci vices Gih p., a M/A-(.OM (kr. an analytical gcoc, 

Nminn-.t v,,. 1 ' 1 u S . trace clement ana 

' ^|Mre .Siiencc Ifcu; 1 Center mkruprobe, twoj 

; F scopes, a tlierinaf 

G TSSff WS*. 2077 1 analyzing Rb-Sr. I 

%ma Data SutJ™. r' 3 **' micro! he rtnomcir 
opnoriuiiiii *jr* ^-onr.. a M/A -COM Co. is nn ogy lab. AppKcam 

“PPortuniij affirmntivc action employer. * Petroioj 

nanftrtmiin 


(ScnpliysiGS cncoiiiTiges applications ironi nudcnu 
interested in pursuing graduate research in the 
fields t.f Igneous anil mcfnmoiphic petrology and 
gnKbeniistry. Current research topics, involving 
field and Inlxrmiory studies, include: island arc and 
roniliicnin! vokanics, pctrogencsis of graniuc and 
Rnorthrahic rocks, evolution or the Archean crust, 
pctrogencsis of myionitk rocks, and 
gcntbcrmomeiry and geobarometry as applied to 
trie evolution ol erogenic terranes. Fadbtici Include: 
an aualyikai geochemical lab for whole-rock and 
trace element analyst, a fully automated CAM EC A 
niicniprobc. two JuF.L scanning electron micro- 
scopes, a thermal ionization mossapeclromeicr for 
-• " »■• ■ — J ii TT..PK U.ilnne*. a 


... — ..... ..... 

pnnis. and a statement of teaching and research in- 
terests and arrange for three letters of recommen- 
dation to be sent lo: Chairman PMV Search Com- 
Dtitlee, Department of Geology. Louisiana State 
University, Baton Rouge, LA 70803. 

LSU is an equal opponunjty/afli rotative anion 
employer. 

Geochemistry. The University of California, Da- 
vis will fill a permanent, tenure track, faculty posi- 
tion at the assistant professor level beginning Fall, 
1985. Candidates having interests in isoiope geo- 
chemistry and/or the geochemistry of economic de- 
posits arc esoecMv cncourased to an ok- bur nih<r 


iffES £ So,,,h Cflro, ! na - u-a, p.»irir.,. 

If -it i h diinrii.jirtl.Tvixn,. 

sln.Ml.l bate a t|,..ng l.ackgl.H.l.d turn'd . I- 

n,rreu' , .!! nP , l T ) . ,le * ,,r "“'rt remmi ..J..|,g wall ,,, 

!««. t:.. i K f n V , l , l ,l, . , R ■*«»! niu-gr.ui.iri of rii- 
tern kinds ot scoI.iuil- and Rci|.|itsirel iLtt.i. .Si.m- 
mg .1.111- ;u earh as.faiitury *5. IWi. ClMing tla!.- 
fiir afiplicatiiins December 31. 1 ms f Aiiniicaii.ms 
wuh vitae, interests and nussible referee! should be 
Jf"i iW-. Robert D. Haiihcr. Jr.. DciMitnieiu ol 

sc°2yiri , 8 L n,4eniI> ,,f So ‘ ,lh ( ar ‘ ,|inj - 

: l,|,i \ eni « v[ Carolina is an affirmative 
acuon/eipial opjwiimity et.i|.lo>er 

JfSSSSS?* V y ,v *. nit y ot Tu !«- Department 
fy.onstnrftifini and applicati.im are 
J' 11 " 1 l OT the position of Cluirpcrsoti. Candidates 
should hate a Ph.D and a distinguished record or 
Leadership an<l admiriisiru- 
i ° lo inieraa cffcciivdv with 

academics, industry and alumni are required " 

n.i"k.,, C| ’ a [! DI ? 1 of §«« c 'ences ha, ten r acu |, v 
!«-«ea m a new teaching and r'e- 
, X 'a T her . c “ ? s,ron g emphasis on soft 
^ 1 e x P !c » r * 1 ^" geophysics in ihc dc- 
^rtmem which has grown steadily in the last dee- 
ade Equipment includes a VAX 11-750 computer 
with an arras- processor and seismic data nrocessimr 

;!I C| E T itrap,obf ' XRF - XRD.Khr,!- 8 

nutographs and a mass spectrometer. Library 

™. r '^,- h,cfl n re ‘“PPOtlcd by “Petroleum Ab- 
stracts are excellent. 

KnmintiriAnF mrl « ■ ■ . 


KnffliSW.Sff ^ T “ ta ' Ok,ih0 ™ 
.ifca in ' q “' oppor,u ” i,!/ 

Sebmologin/Univeralre of Utah. The Depart- 

7, n r ° f y* 1 r ph - sit5 31 ,l,c Unireriily 

“PP* 1 ”' 1 ** ‘or a tenure track faculty 
positron hi seismology at the assistant in associate 
P™ f fT? r level. ApplKants with backgrounds and 
S™* tel 1 " "T* “"5B 8 "*. seismic reflection nr 
SSbu..df ^nu Db8> *!*l he rfw" preference. The 
ind 'S' ** |H lpac| i liudergrailiiate 

and graduate counci and iq pursue an attire re- 
search program with nr.uiu.-ue students. A seismic 
imaging laboratory wffh n VAX 11/730, FPS array 
processor, platters, and processing anti syntlieifc 
seismogram software u available tn ilic successful 
“SfiS*?- LurTcni reiean.li in seismology includes: 
earthquake research utilizing u |>DP 1 1-70 coni imt- 
Z' P f ,l,e IrtteniHHint.ifn seismic befi by 

ni»w'n , «S ,en,c,crcd nr ^. nrk ortlizlngan im- 
line PUP 11—34 computer; major experiments in . - ' 
seismic refraction and reflection profiling for rrnsial 

structure; and fUI«1 research In icciono physics. Tile 


nncruiiroDe, two jur* B — 

scopes, n thermal ionization mossapeclromeicr fi 
analyzing Rb-Sr, Sm-Nd. and U-Tli-Ph Isotopes, a 
mlcroiherinomciry lab, and an expenmcnial petrol- 
ogy lab. Applicants should contact: 

Petrology/Geochcmistry Program 
Department of Geology and Geophysics 
PO Box 3006, University Station 
University or Wyoming 
Laramie, WV 8207 1 . 


r z ■■■ » 

President 

Incorporated Research 
Institutions for 
Seismology 

Chief Executive Officer soughl for 
ed non ‘P roflt scientific con* 
of D)r^ R0Sponslb,a dlreotJ y ‘o Board . 
SBSftJW work olosefy with 
mental lrU5 ! ltuUon8 ‘ deaJ with Govern* 
teas 3™**' conflresalonal commit* 
a^^Il d . cor P° ra,lon - Wl)l dlreot staff 
hJBST Rl ? al9ndln 0 committees. 

KSL mU8! have Ph - D - In phys- 

SmintcT^ 8 ' ex P arie nce In research 

C^USn n ft and kn ° WledflB of °P eraT 
aresflin^Bt ' fl0vernm enl agencies, oort- 

SSSS 1 S lleej ^ high-level ' • 
Submlt currio* ' 

uirea atx ^ namea ahd addresses pf 

KfiSsa 10 Box ozfl « Amer,can 

u Un,on * 20°0 Florida Ave* 
sjw. NW^aahlnpion D,c. g 0009 . • J 


mu aegree is required. Kesponsiotutics include 
leaching at the undergraduate and graduate levels, 
and research in geochemistry. 

Applicants should submit complete vita, a state- 
ment of research and teaching interests and the 


mem ui rcscarcn ana leacntns interests and tne 
names of three referees. Deadline for application is 
January 15. J985, Inquiries and application! should 
be directed to: Dr Howard W. Day, Department of 
. Geolmrv. Unlvenilv of California. Davis. CA 55 fi IB. 


Organic Chemical Oceanographer. The College 
or Marine Studies Invites applications for a tenure 
track position in chemical oceanography. Applicants 
should have a background in organic chemical 
oceanography, cxpenence.tn analysts of spealK or- 
. field experience, 1 Interest or 


should have a Dacxgruuu^ .,. — -j- ^ 

oceanography, cxpenence.in analysts of speolK or- 
ganic compounds, and field experience. 1 Interest or 
experience in estuarine and coasiaJr^rchb prc- 
f erred. The succewfitL ugbrni ■ 


re oirenea to: ur nownra w. uay, uepartment ol 
, Geology, University of California, Davis, CA 056 16. 

The University of California Is an equal opportu- 
nity/nffirmative action employer. 

Northern Arisona Univenlty/Departtnent Chair* 
person. Chairperson, nssodaie gr full professor. 
Department of Geology, Northern Arizona Univer- 
sity, beginning summer 1989. Specially open but 
preference will be given to applicants with a strong 
background in tectonics and tectonic problems. Ap- 

rtllMrtis mats! lui-ramliln nf inlAMrtlnn NmOitoLvavitl. 


bckground in tectonics and icnonfc problems. Ap- sciimic retraction and reflection pro 
pllcants mttsi.be carab e of inicracilng professional- structure: and allied research In t«i 
ly widi an active and diverse faculty ot 1 4 geologists opportunity exists to participate trill 
and geophysicists. Candidates should expect lo con- faculty in an imegniierl program of 
tfnue, an active research program, should have ad- motagy and sedimrninltm directed 
m uiuUtv studies and petroleum expkirailoi, 


reKareil WUDIII CJUSiiHK ii | | 

and coastal researcli.prograini, fttijiues avulaWe ■ . 
Include a modem research campus w W*^Jda- 

ware, and the 120-foot research vessel IR.V 

Heiilopen. Teaching at the graduate 

quiredVpnd the sucreorul 

ed to develop it Funded research pradraniMd ad 

vise MS arid PhD Students. It fa antklpatef 1 tnalthc 

appqmtment will be pi the Auhunt.ltotor fere . 

buiappllcatfons from ttwre ^ . 

com/ Applicants thtold send 

tliient reprints, and Die ruimM ^ ^ ref«enc« 

w die Cnalrqtan of thfc Colk«ofJ 

nily/affirntalive action employer- - 

■ - 1 . 


anu gcopnyuciait. 

.dnue an active research program, should hare ad- 
minlsiraiivc capabiHiles and a dedication to quality 
leaching. Hie Department has been granted plan- 
ning authority for a Ph.D. program so il ii essential 
the successful candidate possess the desire lo guide 
the Department through the final planning stages. 

. NAU has a traditional empliailf on field problems 
" |n the Colorado Plateau and adjacent areas; we are 
-expanding our. analytical facilities to Improve. Lfico- . 
, reucal'arid experimental Capabilities. Salary will bo 
competitive and negotiable. Additional duties in-> 

. dude teaching and supervising graduate student re- 
search. Application deadline: January 18, 1085. 1 


. dude teaching ana supervising gnuium^ 

. search. Application deadline: January 18, 1085. 
$end curnciilutn vitae, stalcmem of research inter-, 
ais and names of four profesiional references to 


opportunity cxisu to participate with several other 
faculty m an inugrdieil program of tectonics, seis- 
mofagy and sedtmrmolugy dlrchcd luwaril cnutnl 
sludici and petroleum exploration. The ueuphisics 
component of the depart mem Jim derive research 
and leaching program jin electrical and eleclromag- 
. rt'crmar properties of the earth, |h> 

lentbl fields, and seismology. The department ha* 

■ dose assodauons wuh ilic numerical analysis and 
cbla procaung groups .far computer xdchre, clectri- 
cal engineering and ouilienuufca. The dosing date ■ 
for applications n December Si . 1984, and tfie ap. 
point mem date 14 September 15, 1985, A Ph.D. Is 
1 P°V Uon - Applicants should submit 

a vita, transcripts, a letter detcnbmg his/jicr ie» 
search and teaching goals Bad names of five persons 
for relerence. Quafifiedpcf sow should seudrhrir 
applications 10^ William PJ Nash, Chrirmao. 


> gr.'Box 6030. Nonherrj Arbbna Uni vert Ity, Rag- 
wir,A2 8C0Il. ■ 

1 Northern Arizona University |s an equal opportu 
t'dtylaffirinBtivc actitjn employer, .. 


*nd Ocwpbyilcs, Unherriir 
^J^h.Sait Lake Cky, Utah 841 IS— 1 1 83. • 

Tire University of Utah is an equal opportunity/ 
• affirmative action emolotpr ri * 


■ affirmative action. employer! 
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Faculty Position In Structural Geology /Tectonics. 

Tile Department of Marine, Earth and Atmo- 
spheric Science*, North Carolina State University, 
□as a tenure track opening at the Assistant or Asso- 
ciate Professor level in Uic area of structural geolo- 
gy/ieuunics. The position will he riled for the be- 
ginning of the Fall 1985 term. The department cur- 
rently has 31 full-time faculty, including 12 
geologists and geo physicists. 

The successful applicant will be expected to have 
completed the FhlJ degree. Courses lo be taught In- 
clude undergraduate structural geology ;is well as 


courses in structural analysis, tectonics, or other ar- 
eas of research activity. He or she additionally will 
be expected to develop a vigorous program of spon- 
soreef research and to direct graduate student rc- 


sorea researcti and to direct graduate student re- 
search projects at die MS and PhD level. 

Please send complete resume and the names of at 
least three references to V.V. Cava roc, Search Com- 
mittee Chairman, Department of ME AS. North Car- 
olina State University, Raleigh, NC 27695-8208; 
phone (919] 737-22(2. Applications will be consid- 
ered as received, with a during date of January 15, 
1985. 

North Carolina Stale University is an equal op- 
ponumty /affirmative action employer. 

Fh.D. Fellows hi ps/Loul si ana Slate University. 

Applications are invited from prosper live Ph.D. 
students in ,dl fields of geology and geophysics for 
fellowships in the Department of Gculogy, luuisL- 
ana Stale University- The stipends, provided by 
Arco, Exxon, and the l-SU Alumni Federal ion, 
range from 310,000 to 313,500 per year; i he awards 
are made on an annual bnsis ana are renewable Tor 
up rp three years. One of the bene Tits of ihcte fel- 
lowships is a reduction of tuition mid fees to nbout 
$100 per semester. 

Applications (plus transcripts, ORE scores, aiul 
three letters or recommendation) must be received 
by March L5. For (he Alumni Federation Fellow- 
ships. however, the Departmental deadline fur re- 
ceipt of application package is January 7. 

Application maicrtals and further Informaihtn on 
the graduate program can lw obi; lined I rout: 

Banin K- .Sen (Junta 
Director of Graduate Studies 
He part men l of (I eulogy 
loiiLsiann State University 
Baton Rouge, I .A 7i 1803—1 101. 

IjMiisiau,! Stale University is an equal nppiiinni- 
ly/aflirmative action cmpbqcr. 

Graduate Fal lowsh ip s/Un I versify or Oklahoma. 

The School of Geology and Geophysics olfers 
fellow hips For Pli.D. study in each uf the following 
bread disciplines: (I) origin, ascent, and fraction- 
ation trends in magmas and associated ore deposits: 

a forma tint i and tectonic evolution of continental 
mplicrc, including geophysical properties a i id 
structures of the upper crust; and (3) sedimentary 
processes, including organic anil inorganic diagene- 
sii, evolution of hydrocarbons, and cor relation using 
biostraligrapliic methods. Average fellowship sti- 
pends are for $10,000/9 month and are renewable 
annually on a competitive basis. Fellowship awards 
Include n waiver ol nut-of-siate tuition ana fees. 

The School of Geology and Geophysics presently 
consuls of 19 full-time faculty. Research f.icilities in 
the school include r stable isoto|>c ].ibutniury; or- 
ganic geo c lien listry laboratory; computer autoi, laird 
S-Taj diffraction and (kiorexcnrc equipment; 
atomic absorption and neutron activation analysis 
equipment ; scanning electron uiicniscupc with oner 
gy dispersive analyzer; transmission electron micro- 
scope; fission-track dating laboratory; fluid Inclu- 
sion microthermomei ry laboratniy; 2 kb hvdnidier- 
mal laboratory for phase equilibrium experiments; 
high-pressure rock mechanics laboratory; palm mag- 
netic laboratory with a cryogenic magnetometer and 
thermal and AV Hcmagnei kalian apparatus; 2d-, 

48-. and 192-channel digital seismic recording sys- 
tems; A VAX LI-785 computer with high- reiolui ion 


department. 

For further information on faculty and active re- 


Congresslonal Science Fellowship. Opportunity 
for a one-year assignment (September to August) or 
the staff ol a congressional committee or a House or 
Senate member as an advisor on a wide range or sci- 
entific issues affecting public policy questions. 

Individuals who are ACU members and U.S. resi- 
dents are invited to apply. A broad background in 
science is expected, as the various duties entailed re- 
quire the applicant lo be articulate, literate. Flexible, 
and able to work well with people from diverse pro- 
fessional backgrounds. 

Public policy background b not required although 
such experience and/or demons! rat able interest in 
apjJyjniydence to the solution or public problems 

The fellowship carries with It a stipend of up to 
$28,000 plus travel allowances. 

How to apply: 

Candidates should submit a letter of inicnt, a cur- 
riculum vitae, and three letters of recommendation. 
The letter of intent should include a statement of 
why the fellowship is desired, how you qualify for it, 
what Usues and congressional situations interest 
you, what role you envision as a congressional sci- 
ence fallow, and what outcome you hope for in rela- 
tion to career goals. The individuals Trom wham 
you request letters of recommendation should dis- 
cuss not only your professional competence, but also 
other aspects of your background that make you 
particularly qualified to serve as a Congressional 
Science Fellow. 


Texas Tech Unlveraity/Geophysiciat or Clastic 
Sedimeufologitt. ’J lie Department of Geosciences 
at Texas Tech University seeks application! for a 
tenure track position in ihc fields of geophysics or 
elastic scdimcniolagy to licgin August 1985. Rank 
and salary will be commensurate with qualifications. 
The Pli.D. is required. Entry-level applicants will be 

g iven prcfci eucc. The primarv responsibility would 
c to teach both graduate and undergraduate 
courses in geophysics or depositionai systems and 
sctlimeniology. his/her specialty, and introductory 
geology. The person will be expected to initiate a 
research program and to direct MS and Ph.D. grad- 
uate students. Send a letter of application with com- 
plete curriculum vitae and names of three refer- 
ences to Dr. Alonzo D. lacka. Chairman of Geosci- 
ences. F.O. Box -1109. TTU. Lubbock, IX 79409. 

Texas Tech is an equal oppurtunlty/alfirruHlivc 
actkjn employer. Applications deadline: January 3 1 

Mlddlebury Callegc/Metmnorpbic Petrologbt. 

The Department of Geology seeks a nictamurphic 
pcirologut with an interest in tectonics. The regular 
(tenure-track) entry-level position requires the PhD 
and begins in the fall or 1985. 

The 4-member department maintains active re- 
search and an an-gotng field and lab program with 
students in tectonics, petrology, and oceanography. 
Teaching responsibilities normally include 3 semes- 
ter-courses. a I -month winter term course, and su- 
pervision or senior research. The department has 
an XRD/XRF laboratory and an automated electron 
microprobe. 

Send application, including resume, research in- 
terests, transcripts, and 3 current letters of refer- 
ence to: Brewster Baldwin, Chairman, Department 
or Geology, Mlddlebury College, Mlddlebury VT 
Q5753. Application dcndline b February 1, 1985. 

Middlcoury College is an equal-opportunity em- 
ployer. 

University of Mlami/Rosentiel School of Marine 
and Atmospheric Science. The Division of Ma- 
rine and Atmospheric Chemistry b embarking on a 
major expansion program that includes the con- 
strue lion or new laboratory facilities which will Ik 
completed In mld-1985. In accordance with this 
program, four tenure track positons at the rank of 
assistant, associate or full professor arc available for 
qualified persons with IncKgrannds in tlic areas of 
stalde iso Lone geochemistry. Wdlcr-scd intent chemis- 
try, atmospheric chemistry nnd the motlclingor at- 
mospheric: aud/ur ocean chemical processes, nivi- 
siun members arc enguged in a broad spectrum of 
research programs including field studies cjrricd 
out at continental and island sites and aboard air- 
craft nnd ships. While all qualified persons arc en- 
couraged to apply, we would particularly welcome 
applications from persons interested in pursuing 
field-related research, especially aboard ships. 

A curriculum vitae, a summary of leaching and 
research exjwrience. a brief statement about future 
research interest* and the names of three references 
should lie scut la: Dr. Joseph M. Prospcro, Chair- 
man, Division of Marine and Atmospheric Chemis- 
try, University of Miami, RSMSA, 4600 Rickcnback- 
cr Causeway. Miami, FI. 33149-1098, by January 
15, 1985. 

The University of Miami is an equal op| ion unity/ 
ailtrmativc action employer. 

University of Wisconsin — Madison. The Depart- 
ment of Geology and Geophysics invites applications 
for an anticipated tenure track position at the assist- 
ant professor level in applied gcomorphology and/ 
or hydrogeology commencing in August 1985. The 
applicant should he committed lo developing a 
strong research program as well as leaching under- 
graduate courses in some aspects or engineering 
and environmental geology. The Ph.D. is required. 
Applicants with course work in engineering and an 
interest in the field application of geologic princi- 
ples are especially encouraged to apply. Send letter 
of application outlining your professional goals, 
transcripts, resume, copies or publications, and 
three letters of reference to Dr. Mary P. Anderson, 
Department of Geology and Geophysics. Weeks 
Hall, University of Wisconsin. Madison. W1 53706. 
Closing date is January I, 1985. 

TheTJnivenily of Wisconsin b an equal oppartu- 
niiy/afirrmaiivc action employer. 

Satellite Altimetry! Department of Commerce, Na- 
tional Oceanic and Atmospheric Administration 
(NOAA). The National Ocean Service, Office of 
Charting and Geodetic Services announces a vacan- 
cy for the position of Geodesist, GS- 1 372- 1 3. The 
position is in the Satellite and Ocean Dynamics Sec- 
tion of the National Geodetic Survey, Rockville. 
Maryland. This research position will involve analy- 
sis of satellite altimeter data for application to ocean 
dynamics and gcodynamics. Applicants should have 
a detailed knowledge of altlnieirv, marine geodesy, 
and physical oceanography, including concepts of 
geostrophic circulation and planetary' wave theory. 
Investigations will be concerned with sea height 
variability, equaiorially trapped waves, assimilation 
or altimeter data into numerical madeb, and other 
topics of importance to established national pro- 
grams in ocean and climate studies. The position re- 
quires a demonstrated ability to do scientific re- 
“«*has evidenced by publications in the literature. 
•.I « ,n Pty sla ti sciences or equivalent is desir- 
able. Persons interested in applying may requesi a 

rnnu nf ihr mnnn. . , _ 


rice, Rockville, Maryland 20852. or by calling 301- 
443-8995. Applications should be submitted on 

d ^ orm Closing dale for applications is 

Department of Commerce is an equal opportunity 
employer. U.S. citizenship required. 


UNIVERSITY OF IOWA 
DEPARTMENT OF 
PHYSICS AND ASTRONOMY 

The Department of Physics and Astronomy anticipates openings for two 
tenure-track assistant professors In August 1986. Preference for one of 
these positions will be given to an experimentalist. In an exceptional case 
a term or tenured appointment at the associate professor or professor lev- 
el will be considered. In addition, one or more openings for visiting faculty 
members at any level are anticipated. Current research Interests In the de- 
partment are radio and optical astronomy and the following specialities In 
physics: atomic, condensed matter, elementary particle, laser, nuclear, 
plasma, and space physics. Faculty duties Include undergraduate and 
graduate teaching, guidance of research students, and personal research. 
Interested persons should submit a rdsumd and a statement of research 
Interests and arrange for three letters of recommendation to be sent to 
Search Committee, Department of Physics and Astronomy, The Uni- 
versity of Iowa, Iowa City, I A 52242. 

The University of Iowa Is an equal opporlunlty/aifirmattva action employer. 


Assistant Professorship in Obeservatloanl Coastal 
Dynamlcs/Unlveralty of North Carolina Institute 
of Marine Sciences, Morehead City. Tenure ir.u k 
position fora physical sdeniiii with interests in 
ncashare (continental shelf aniitor estuarine) 
drualtion will be availabel on July I, 1985. fins wul 
be a research positon, carrying a nine-month state 
lupported salary commentuirate with experience. 
The appointee will be expected to deyeluu unil ear- 
ly out a field program in nearshore circulation. 

This person trill & staffed at a research laboratory 
stvhcre programs related to coastal dynamic* arc 
underway. These programs include suidics of sedi- 
ment dynamics, sedimcni/waier chemical exchange*, 
plankton patchiness and larval dynamics. The 
appinice will also interact with faculty and students 
in an academic Curriculum in Mame Sciences nt 
Chappel Hill. Faculty in this unil conduct research 
on carbonate platform geology. Gulf Stream dynam- 
ics and sediment/water chemical exchanges. 

Interested applicants should send a letter dcscrili- 
ing ihcir reiearch intern*, a curriculum vitae and, 
names of fonir references to Dirk Frankenber, Di- 
rector Institute of Marine Sciences, 3-107 Aiendcll 
Street, Morchead City, NC 28557 by January 4, 

1985. 

The University of North Carolina is an affirma- 
tive aciion/cqual opportunity employer. 

Chief, Land Sciences Bronchi U.S. Department of 
Commerce, National Oceanic and Atmospheric 
Administration (NOAA), GS-1301-14, Salary 
Range $42,928 to $65,807, Sultlnnd, MD. The 
Climate and Earth Sciences Laboraton'. National 
Environmental Satellite, Data, and Information Ser- 
vice (NESDIS), NOAA, announces a vacancy Tor the 
position of Chief. Land Science Branch. The Cli- 
mate and Earth Sciences Laboratory is rcpwnsilile 
for applying satellite observations to problems in the 
atmospheric, oceanic and land sciences. The Land 
Sciences Brandi uses imagery and radiometric ob- 
servations from meteorological and land resource 
satellites for studies In climatology, hydrology, glaci- 


tology Project. Branch scientists: 1) develop algo- 
rithms for deriving land surface variables from sat- 
ellite radiance observations, 2) test, validate and ap- 
ply these algorithms, and 3) perform research on 
[and surface processes using the satellite based mea- 
surements. Examples of land variables or interest in- 
clude snow and ice, skin temperature, surface radia- 
tion budget, soil moisture, vegetation cover, and hy- 
drological parameters. 

The successful applicant will direct the activiiics 
of the Branch and manage its resources, including 
research grams/contracis with external insutiiiiuns. 
He will also actively engage in personal research in 
one of the land science areas. The successful appli- 
cant must have a record of scientific achievement on 
■he application of remote sensing to the above slat- 
ed problems, as evidenced by piiblications in the sci- 
enufic literature. The position requires n Pli.D. in 
the physical sciences or equivalent and at least five 
years of relevant experience. Familiarity with pro- 
gramming of mainframe computers and experience 
with interactive image processing systems are also 
dcsirahle. 


Persons interested in applying must request a 

S uf the vacancy announcement, which contains 
ficHiicm requirements, bv writing lo NOAA. 
FB4. Room 2051, Washington, D.C.202SS, ATTN: 
RAS/DC24, Barbara |ones, or calling 301-763-1986. 
Abdications should Ik prepared on Standard Form 

Dc|Kinmcm of Commerce is an Equal Oppui Utili- 
ty Employer. U S. Citizenship required. 

Faculty Posit ions/Ari zona Slate University, Depart- 
ment of Geology. Applicaiions arc invited for two 


tenure track positions, beginning in August of 11185 
at die rank of Assistant or Associate Professor. The 


1198 


selected candidates will be expected to display excel- 
tcncc in leaching and 10 develop vigorous programs 
of research on important geological problems. Re- 
search areas which complement our existing 
strengths, especially igneous, mctainornliic. ui sedi- 
mentary petrology, are the most desirable. Prelcr- 
encc will be given to applicants with a dcnmnsinihlv 
strong quantitative approach to problems or wide 
Interest. Please send a detailed siatemcni iff re- 
search and teaching intercsls and a resume with 
names of four references by January 13, 1985, to 
Paul Knauih, Chairman. Dcpartmcui or Gcnluev, 
Arizona State University. Tetnpc, A7. 85287. 

Arizona State University is nn equal onixniunJlv/ 
affirmative action employer. 

^Research Seismologist S 
Lamont-Doherty 
Geological Observatory 

Lamont-Doherty Geological Observatory 
of Columbia University invites applica- 
tions (or research positions In quanta* 
tlve seismology. The seismology group 
has extensive programs ranging from 
analysis of short-period network data to 
global studies of sources and seismic 
wave propagation. We are seeking can- 
didates with solid backgrounds In the 
quantative analysis of digital seismic 
data and application of these data to 
fundamental problems In source dynam- 
ics and earth structure. We are also In- 
terested In candidates to participate In 
comparative studies of seismic sources 
and wave propagation In the different 
tectonic environments represented by 
our regional networks {eastern U.S 
Aleutians, Central Asia, Caribbean, 

Egypt, etc,). We will consider appllca- 
l ons from Individuals who wish to par- 
Ictpata In ongoing programs or from 
hose who may wish to Initiate new pro- 
Jecta, PhD required. The salary offered 
will depend on experience and proven 
productivity. 

Please send resume and names of at 
■east three references to: 

David W. Simpson 
Associate Director for 
Seismology, Geology and 
Tectonophy8lca 
Lamont-Doherty' 

Geological Observatory . 
of Columbia University 
Palisades. NY 10964 ■ 

- University ls an afRrmtive \ - 

■Sacfi on/equal opportunity employer: - ^ 

• • •• " " 
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W FUNCTIONS 

'and hydrology 

is a first! 


UiHhb'm litiuthai'v 
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Now ihorafe a bouk lluit tukus an 
atlvnncod-lovul vitiwof llio most currant 
tools for llin analysis and synthesis of 


K ' roloaic procussos. Knfunl L Bras of 
and IgtiHcio Roilrfuuoz-Iturljo of the 
Untvarsidfld Slmrtn Bolivar illuslroto the 


latest advances in hydrologic signal anal- 
ysis. Using common problems in data col- 
lection nolwork design, simulation, and 
forecast ins, they link such topics as lime 
series analysis, sialic and dynamic 
optimal estimation, lime and frequency 
domain representation of random func- 
tion, and multidimensional random 
held analysis and synthesis. 

Used al MIT for four years, RANDOM 
FUNCTIONS AND HYDROLOGY Is a 
proven loxl for graduate study of hydrol- 
ogy or geophysical signal analysis, ll 
alio serves as an oxcollent reference for 
researchers as well ns consulting 
engineers and other professionals. 

Order your copy today. Simply 
mail this coupon and we’ll snip 
you RANDOM FUNCTIONS AND 
HYDROLOGY right away. 

Please sand copies of Rondom 

Functions and Hydrology (05885], 

704 pp., hardcover, $30.05 
□ Check enclosed — wo pay postage 
and handling (add your local solos tax. 
If any) 

Charge my □ VISA □ MasterCard 

Interbank no. Exp, date 

Card no. - 

Signature 

Name 

Affiliation — 

nile 

Address _______ 

City Stale Zip 

Price subject lo change without nut Ire. 30151 

A Addison -Wesley 

Reading, MtiKhocluisrtls 111807 


The Johns Hopkins Univcrally/l’nlcuntoloelsl. 

The Di-|i;iniiiciii nl Earth ami I1.iint.il v 7iticiK.es 
Invites appliiuiiiiiM |nr a ti-niiit-ira< k family |i<isi- 
linn, elleuivv ]u|v I. I ‘IMG, lm a jialiiinlolugisl 
wliiisc res ean li will siieiigilu-u tin- link lurlwceimur 
|K*lc*n itultiizy ami M-riiiiieniiiliiKy prngiam*. l'lte ap- 
pointee will lx- expccteil to (Icvrliiji an iniiuvalivc 
research jnngraiii, anil ri'quimihifiiic* will include 
undergraduate ami urailiiaii' leaching atnl the su- 
|)cryisini] of duciuiul candidate*. 

I'o ai’ply, m*iuI 1 ui l kill vitae, fMildii ini' >ira list. 

and the names uf.it loan thiee tel rices to 111. John 
M. Ferry, De|Miiiiieni nl Fjrtli anil llaiutai y Sti- 
ences, The Johns Hopkins Uimnriiy, HaJliuiote, 
Ml) 21218. U..S.A. The ai>ii|ic;ui<>n i(e.ulliiie is |iinu- 
nrjr 15, 1985. 

The Julius llnpkin^ UniveiMlv i* an «|iisal op|»r- 
(iinily, allirmative .uiinn eiiiplnyei. 

Sdsmologlat/Uiilvcrsily or lllinuis, ApplicalluW 
me snliciled lot a Irnine-li.u k piHitinu ul the Awlii - 
ant I'tolessoi level in sclHiniilng) , A ci calivc iiidivin- 
ual Is simulii wild wjl] develop a lexMirii jHOgrilin 
that louiplemeiii* cmr exhiing prugiam* in stfismoF 
ngy (currciuly empliasi/big miuiii* propcilies), gefl' 
dynamics, tectonics, mid rm k/iulneral jihysits. An 
exccllem research eiivirnimieni and oulstandinff fe- 
cilnlcs arc uvnilalile hmli in the lleiui imcnl and ihe 
Umveraiiy. A Center for Super Computer Res eaten 
and Dcvcluinnem is presently being torn led nl lik 
U niversity. In nddiiioii, our caiiinus is the site of a 
proposed regional comniiiiiiionul facility. Op|»rlii- 
nliv exists m inicrari with the department on heo- 
rclical and Applied Met I in nits. The position a «• 
peeled .to be filled ns early a* Foil, 1985. Salary U 
commensurate with cx|>cricncc; n PhD is required. 
The successful candidate Is expected lo participate 
in leaching and advising at the graduate and under- 
graduate fcvels. For equal consideration. Interested 
individuals should send curriculum vitae, list of 
publications, statements of research Interests add- 
names or three or more references by December ■“< 
198-1 to: 

Professor Albert T. Hsui 
, Department of Geology 
University ol Illinois al Urbana-Cliampaign 
1301 W. Green Street 
Urbana, Illinois 61801. 

_ Tel: 217/333-7732 or 333-3342. ., 

The University of Illinois is an equal opportunity' 
affirmative action employer. 

Faculty Posltion/Mlchlgan Technological Oah*!* 
The DEPARTMENT OF GEOLOGY AND 
GEOLOGICAL ENGINEERING Invites applica- 
tions for a one year full-time position in teaching 
and research starting In the Tall 1985. Thn Is v** ' 
batiral replacement and there is a possibility 01 P ... 
second year extension. The successful caoW« 
be expected to teach undergraduate classes in *oi« 


lions for a one year full-time position In teaching 
and research starring in the fall 1 983. This Is a ' 
batiral replacement and there is a possibility 01 P 
second year extension. The successful candidate 
be expected to leach undergraduate classes In 
area of BCology/minerHlogy/peirology and a 
ate seminar in his/her specialty, as well as P lir * u £IT 
search in some mutually acceptable area oT ge®087.' 
geological engineering or geophysics and Interaci ■ ■ . . 

mth faculty and students in on-going pipgraina. , 
The department hits 12 faculty, is situnteain a . 
tocular natural environment and has excellent la™ 
ties for petrological, gcocherplcul, geophysical. s pa • 
Rcoieclinickl research. Appllcitnu wldi enlhusi^tr 1 • . ., 
Tor teaching and graduate research arc urged ta •. 
send a detailed resume, names of three referen™* ,. 

wd statement or research inteyests toL Prof^soc.- . . 

Gordon R Framti, Acting DcpUrtmertl Head, ,• .. . 
pacirocm of Geptogy and Geological . 

Michigan Technological Unlvpfsity, -Houghton. '. 

Michigan 4093 L' . v . . . • .1 I ' 

Michigan Technological UniVetilly h an^eqUW OF . 

■ pont t nlty educational iqjttitijtlotl/equal qpportun 1 /,■ ; - 

:. V ■ * i ■ C . ■ ' % j ' s '. '■ i . - 1 /TfT S 


m 


Family iipiKiini (in-ill t lln iiw .iiaiU'mu vc-.u 
1985-8<i. n ull into i-Ms in nm- ,,| hkh,- ,,| jj,,. j 1( | 
liming areas: ill |i.ik-».ni.ili.j«s i.mv %iiU1is« iisliiH* m 
eluding imislialigrdplivi: (2i |imn ssi-s ,,| 
cvolun.ui: i:tj «k-u4niniu-ni ul *-t«,-«vM(-iiis tlminu 
gnilii^ic lime; ami |fi I him lliiiiic ,il •-t.iliiu l Hi In- 
] tending mi the i.uuiu lair's inlet rsis. jnim ainKMii, 
ntcul hero ixii ihe Dcjmiiiih-iii l-'.ml, .n,,! 1 U, lM . 
Sririiu-.*. the < a-ntei h.r lira- Sm.lv i.f ftiduihm iih! 
Origin "f uk*. (»«l the liisimm- „( ChimiIum,* ;iiii| 
Planetary l’liy*ii*>. uiiiFm utliei .uadi-mu «k-i>.,i i- 
menu in.iv In* cmuleieil. I hi- imsiihiii i% i,i,eu i,, 
except intully wdl-iin.iliinxl (.iiulid.it>-, „f : , m ;u 
demit- rank i.r Irvef nl jkisi.Iih i.h.iJ e\i.oi.-iii K ‘| l,.- 

prime iritena for .selonmi niU .ui.liim 'iiu.-l- 

Jectnal abililv, cvjra-i I jnc in ihe lelei.mt x, ra-„iif u di*. 
riplmc* .uni exrclieili e in irse.iuli ami n-.u liin u 

Tb .ipph. please lot ward in i i, nlmu vh.k- 

Iisuiiuor three ur mure irleu-iues (with iilii.ue' 
nunilier*), and a .ine-p;iLje ik-striplion c.l v„ U i | w „ l. 
grouiid and exjierieii.-,- m tin- ielev.,i,i |n..hleiii 
cas. l white K-bniai v 15. IUM5 in; t W. |\ l J tll f litl |„. 
gy Scan'll tire. Di-ji.n inieiii id F.n,|, iini j 

?P*T. S ' lh,iv,,, ' i, V ,rf Ia.s A IIU ,.. 

lei, t-A SI1IU2 I n 

A pj ilk Jilt* dmiild mjueM lefeien.e 

win ih in rlu 1 mmiiIi Miinriiiiiiv 

The Untvcrsilv ui I f Wit is an . qual .ijuimiii- 

mi) cntjilnyer: «jn.ili|i>-d wnnuii enlilera 

niuiornu-* arc csjaxiallv iimml i» .tiifriv ||,J S 

StIRIIl. * 1 » 

Department or Geowicnccs/Univenlty or Houston. 

the Ik-jXiriiiH-Mi lil t ■ensiieiu >■% |>i-i,iijv,j,, M l(l 
hire at lca*t mie geojihtsi. iu K. ...iniilriiieni rJ, L . hi 
memlicr* « mil funillv |3 in R e-»|ilivsi.s). | |,is is , 

lenu'c track jhimik.h will, surtinu d.m- „( a«. H usi 

-^ J - lark mteieaUii ii, •.,ILii w with 

indhiduuk with a uinng Imi kgimiiui in; ihvmdiraj 
snsmiit.iKv. expeiimeiii.il visii,r>bm V , a|>j4u-fl seis- 
".“logy-balmy and lank will I.,- fun. ti, m nf 

nence Ajiphcants xlimil.l Mtlmiic M j 

Viu: (2) a fmel *lalenieii( n| leseaieli inn-icsts, <:h ;t 
bnef stati'iiK-ni nl n-.u lunu inieiesli; M) tliu-e k-i- 

,e " f,f rnd.ilinn; <5)M,m nl uiuliiate Iran- 

fcnpu. 

. Ilutler, Gens, iem.es 

Umvcnitv.il Ilnnunn. Unkersitv Park 
lions I i-xa* 77lil) I 

Stuart A Hall will U* ,u .],>■ AGl' imcinig* in De- 
cember and imuict like in talk (sill, imcicsloi ajqili- 

.. 2? Univeisity nf IbniMoji h an ecjiial <.nj*,rn, m . 

ty/affimiaiivc aitHHi cmjdnvei. 11 

Peirolog Is lA'I rglnia Poytcchnic Insiliulc and Slate 
University. flic Di-ji.inimiil id (ienlncaal S. i- 
encesat \ ngiiiM fecli insiies jjijtlicimm, f„ r run 

tenure uaik ],u nils .i].|»iiiiiiiniiis in l^i (l) 

Meianiurjdm IVti.dims. Apjilii .liras ■nnsi 

siraicj stiniiK rcst-aiifi us. .|i| Ml (|ii.iiiii[.iiiir in-- 
trolugv: jireicieme Kill l«- mvn m tii.ne Hiili exm-. 
nonce in l lie iheui.-iiial amt ■■X|»'iim>-ni.i! jsimi i> ,,| 
pcirnlnm . All Iduilu iiichiIm-is ,,i VuguiM le.li . U e 

expected lu inuvkie .jn.diu leach inc .n ih.- 

graduaic aiul gr.iclu.uc- hi -Is. siijK-msc- M.X. and 
Ph D. ihew*. and cti.iu. i .,,,!%*• |.i. V iai„ „| u- ; 
*earc.h and Jiiihlualicni I 

Applicants shunl.1 send a lc lit ■ .,| . | 

ademit (iia ami names .in. I a<idi esses ..I ihni- n-U-i • ‘ 

cnees in: r 

iVA I li-ujn i 

Depi.il Inielil cd 1 a nliiyii al Sc ic-m >•> - 

ViiKinu | iih I 

lllai ksl.ni M , \‘A 2 |iH. | « 

the ami., mime mis Kill I'W, 

,tn “ fJ »diclaii s an- exj.i-i n-if in kid- led n-. s 

wirniN-msl.il r|„- ph.|». i» 

tor inri]ti |, |«w;,. ■' 

ar.JJ? Hlld i* " ' ' s * ,n ''qual 1 ‘ 

action cm j ih Ki-i 

52S£ -Sriencrs: Research As social r in 

theoretical and Snare Physirsd.H Trohe L'nivend- 

ll .-\"CM ialll- If XIII-IIMH-lll jllsl III '1 In— 

n ,1’ to noil In- XI, I s 

I hciciM ,, sj,h , ll . mid-laininli-s. I In- .ii.iiciMli-c- v 

liuu 1 m ,l ?.' K , o» | p iro,sisi,n K ..( f.C ii 

™klU.I. F..\. t Jlhlli. h.h t.iilr. IM . hi M 
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^rv-Pmir illlci lcS£ r ' 256 - 

1 fa fa'Jiplir system, geoiiial.nw™^ i J,I w ! iln,l, «cr, 
■md any other tqiii ,mem lhn P , ullaU011 reorder 

! " "'V AunuliS Brit cSEftf ” rundcd 

n *l* n, B bi 1985 fur n DfrirS ? 1 . Sc heme com- 
C .IX >S 1 N( ; n atl-- ? f ,w o )eai s. 
AO/.Tdti/nud ATt - January 14. 1985. REF. Nn. 

A$23!«Wj' : Rcs,,:,, ' t,, '\iMSIam I AS22.306 — 

w..i™ rer . 

uluni mac should I* fonvarJbrf r , C C k** al » turr ic- 

plivsirs, Spciial ffacJni? ’c5a i°^ 1 P lcs - r P ar ^ ne geo- 
•>r kill *u|)|>uri available m m?i«i ' !*? Wllh foilr > c,lrs 
1 he <ki wmeni a PP'i™Hi. 

Pmfejjor Ken L. M at d ona ld 
C.r.hluaic Advisor 

Santa Barbara, CA 93106. 


a curriculum ? houW provide 

A uiior Caimntiiiec Hivh Aliimdn nEl ,0 ‘ 
lion EmplliS.^ Ual 0 PP° rtu "h>/Aff,rm a .ive Ac- 

h,rindin lld ? lnCtal I'Hvaic* :ind io obtain fiinSinjl 

Ihn.dd B 1 anr niu,,,lain programs which B 
should luniplemciii and/or augntmii cxisiin* ., r o- 

i* n J,k ‘" ll TW rt** al |||C L'fr '.f 

rs. J.M, Brown and \ . Sam. Sorensen 

w;ra , K K ' 5 "- Univcrsi,v i,r »«hing, OI , 

„ of U'dihingion is an aflinnaiivc 
.KlUMi/equal .qifionuniii cnijilovcr. 

Seismologist/ Uni vers ity or Puerto Rico. I hc 
L invi'isin nf Fuel io It no I ihc Centci lor Kncr- 


researrh Tn gand " , P n ™»n of graduate student 

pendent research in ih^V iT n ? P° len,li d for indc- 
non. TheSSui k LvaihS. W* 5cHi "“'nia- 
I. 1985. sarnndrantSi^ gmnm<? Se P tel "bcr 
experience ami SifiSfeJl ^^ mcn,u raie wiih 

Wd research 

5" WS! SSS TcT lVaah S,Bte “"'Va- 
cation, for ilircc (SI icm reSX? l h ni ""- Mi - 

any or several field, or *SfaK.i!m S in 

rank associaicd with faculty 

although sak™ fi dTrora^k 0 * 1 
cicnt for, a m ^ s are suit,, 
successful candidate, inmi'h/ni P ro,c « or 'hi|i. Tlic 
ed lire potential to IwrUmi "? 1 re demnnsirat. 
leaden in their field* 'rhe' na ,ona , y rocognized 

graduate nuJcms InsimcimM | I L IU S C Jnd 
tn which particular " .'T* 3 / 1 ' 1 arp as 

dude, but arci nSSSLa * bwn ■hmiBeil in- 
geochcmisiry. whh ^ ,IC0 " 5 


7.. . : me ueniei lor Kncr- 

jt* ai, d t iiviruniiii-ni.il Research seek aujdhjimn* 

vymm in ihc licti I .>1 seiuu»|„g "fin- i,i«i. 

, ' ,,n 14 h*! l-'-tr'-iinic- iiisiriKtimi at ihe Unhmilv nf 

i Iieih. K ■■ ( are* .1,1(1 in* c nig; ,j| ,Lna fi-..m .i 

-u-si.iuiiM slim i i.i-ri.id, digital seisin,, m»uL 

The \ II gill Mauds. 

lAJas lfil Ii.ivi- ill- 1 aNIn* In u.llk wuh 

■I lia • ■•411 a M-isiMh iKihmk m alalu* m t>.,ik nn 
'c-isim. Ii.i/. nil iiinlilt-ms. 

All IIUI-I eMa il J . 1-1 soils should siilutiil a luiL'l ol 

•i|>j>lualii.ii. a ik-iaik-d resume of ctluiaiionai cxiicn- 
«««■ and a siniiiiijiv nf iiiiciesis in: 

Dr. IVilli.iiu K iMcl.'.um 

1 -i n i « mu IijIilm i \ ( io *li idii jI ( Misf.n.iiiirs 

I'.ilis.iik-s. New \ in k luiHi-| 

1 c-k-|>lii .nc-: 91 i-Sj'j-k'WlO cxi. 377 

Sed imcntologist-Oceanographer/Texas AScM Uni- 
versllv. A|>|ilic,iii(ins are invited for a tenure 
Hack I. ii nil* jmsiiinn in the general held of marine 
scdimcninlngy. Tire jiusiiion Mill inmtve graduate 


«id Miner, m . iL T n n W* B * >" ‘wclicrnLur* 

T , hl ,!,r,l,, 1 t '*ii (•eilHliclHC* 

. *iU3B Dcike Bmldmo 
n.n fiS"? ^.‘rL faniisili-.mia IfiKIt-j. 

I p 1 ™ "' r,,t ■ipplKJlii.iis is Ajiril .111. |c W .-, 
plorer ' J fappnrtnnny^AflirinHiiie Atin. 1 , Km-' 

CBrncglc Instliutloti of Was hi neloii /Postdoctoral 
Fel ows 1985-86, Department of Terrestrial Mag. 
ncliim. find mieil mKidiulnial leili.t.shi|H in i.n- 

*aie insiiuiiiL.li. .-'iii],lia«i/iiiu maximum iu-i-duni of 
research in area* of Sc-immlng*, gi-ii|i|i**ii*. isfiinjiL 
and trace ..-loiii.-ni gc.e liemisirv. ii,*iiiciihcnii*iit. 
accelL'i-aioi m.tsj speurniiiL-ir*. !,l.iiicinli>u«. .n,d *i.u 
and plat tel I.n 111 , 111141 . Kcin-nalilt- fur sis. 1 . nil *?,m 
f umplcieil applic.uioti* due K'hnui * I. I'.iS.*,. hu 
iiiloriiurj<m Kriii- Fulli/w^hip I'nxiniijiiri- Ml. IV 
jurmieui of faru-siiial Magnetism. Caiiii-gie ln*n- 
iuImmi nt Uasliinginn. VJ.|1 llin.uj Uranrii Rn.ul. 
N.W., Wasliinginii, U.i . ■Jiini;, 

U'.iiiiLii ami [ilium ii* •.audid.ik-* 

■'■iniegie Ins, »f Waslmiglou is >M i InS'A \l . 

Aiiiiiani/Assoriatc Professor of Gcophvales. Aj- 
plicaiious aie iiiyiled lm a It- min* 1 r. 1 t k riusiii, >u .is 
aSSISI.IUI "I .IWmi.ilc |i|r.l,-s 'll nl g.'.i|,ll*sirs in 1 I 1 ,- 
taJlIfgc nl ( Iilmim I gi.q,hs al (lu-u<i,i Sralc l'iii*t-|-.i- 
tv m •.oiiiplriiiein the i.icseni eiglii-ineiiiki gen- 
phvshs f:n uli*. Can did. ilc* musi I 1 . 1 U a INiD .*r 

A|uirakiii and a do al.ilit* iucihiiIiki ui- 

dcpendeiii research in ihcs.rciii.il nr nUm.uioii.il 
genplivsiLS som, lined In cxirnul rewaich limiting 
M"*i solid canh gcnplnsit, research * jici.il lies will 
be considered. ]!uiic.s hill include Ic-itcliiiig gradiiau- 


«fcd SmEE rCiMrth Program. There inter- ' 

Sires JH ‘J 1 namw ui ,ltnx refcr - 

\ .. tl Acting Dean 

Cidlegc of Occam .graph v 
Oregon State Universllv 
, n „ Cairvallis. OR 97331. ' 

lN&TCK' ml T! id , Rt,tareh r Aa »dnie P 01 I lions/ 

. ^.KlSiSSSj KZZ'cacSM 

Ph D 'S'™ nc ^ P M 8 r ams of crustal study. The ' 

M a ■ r? rn f U Univer »ity 1 Ithaca. NY 14853. 
fr _ { * lial °PPoriunili7af!irmaiive action emproy- 

POSITIONS WANTED 

Physical Oceanosmphar. M.S. 1983. Experience 

?™« At u™ c - jn< Pac, Ii c - hcekiiig a pnsiriuu , u 
research auisunt 111 academic instil in I on, industry 

m r e “J- RMO - Three Mile Lmc. 
McMinnville. OK 97128. 

l P n h /m C A ; ra P hc r - Recent PhD. .Site* laliz- 
l,K « cn, ^i ,, ns nith pririun iiiiurest in 
SSJJJ J PP'^iiom. Seceral puldiraticii,. 

8 SKfJwntc research nr umcru- 

K American fhHi],hy*icid 

ruTaS Ml,ri ‘ ; ' Av<?,,uc - N ' w - Washington. 

STUDENT OPPORTUNITIES 

SSSlfS, ^ ach,n K ami Rematch Assistants], in In 
SS * Environmental Sciences nnd Coastal P 

te *;,. , ,, l , l*« l l | "i , irfc k*f giailnaic simlv 
htailiiflie .uni 1 eseari Ii asM*taiil*liii» i*-.«iLdili> 
for ,M,dc„i* iriieresieri in Ms lin ,j 

Kraiu* m iii.irmi- siii'uu'* ami cu.im d 

ui u,,.g r .;, ,, v , AKarak.mv, [ 

>c.i * ,|KiMt ,i|j i„ 57.ns:t. Ailctilinr uil mmiuik-i s,m. 
iwn aim .nail.il,!,> up n, S^tlilfi. Write: Gr.uk .rti- 

l U’iV.' SLM ■ S "‘" NY 

SKRVICES, SUPPLIES. COURSFS 
AND ANNOUNCKMF.NTS 

Availability of Recjuesl for CooperaiKe Agreement 
Appl cai Ion*; RFA# IM0.A. Acid Deposition 
Monitoring Support for Effects Research' U.S. F.n- 
vironmenta Protection Agency. \p|»li..uu.n K t - 
ifil-l D.ili- J.iiiu.ir> IS. lifts. Hl 
,l I,.' I s hn*ii«»nriR*nt;il I'rolv lion Ageiin 
fa- 1 •' »■ -MKh.1 ike Nun .Hal A. id l , re, H., 1 ., 1 ,,,,, 

*c- s *,", , mi l a rogi.uii ( N A PA Pi. is aiiii..iin!ii l g die 
•n.iiF.ihibt* nt in nds lm liu.il \tMi Iiw, |„r llB; ,n|. 
uig a i»« 1 Iterance .igiec-meniisj t,» cii, iimi 1 ami d,-. 
pn*icii,,i m „mi.,ri„g Man..!,* h. ,-tili.m. c- lire- i.-*„li* 
nl Jod .Icjornti.jii c- ilc cis simlio l lw nc.in.li .,1 
>.vi*.>i [irmi.il 1 mu- ic-st im..|*e srudii-* o| .m,| dei*.,. 

V 1,1,1 l,,,||n K •uiiliic nr air me*' li.iuiMn* 



wateislwds . 111 , building .-rial* 1 1'.\ ha* ai.i.ojx- 

iaii.ira-lt mi.- null .nailal.fa 

iT.irire- .igi cvuiei litre il.i* Suj.- 

P un l,,r program iii.ii 1^ tor .1 m ri.,d «-mo'ii1- 

mg -q. «.. 1 1 * c- *,-:,. *. I c-.,V», acp* ..t 

Uk- Rl A aiul futihc-r mioiin.ili.iii u.iiiact 
Di. Cl .11 in- K (;.L*|,|id 
Reci-anli Grams S 1 . 1 II 
tJIliU'iil Rise.irch jc Deic-l.ipnii-in 
U.S. Liiviroiiiutfnial Pr.itet ri-m Auerm 
UH M Sired. -jU " 


WashuigiiiM, b.i :. 2 <j mu 

Telc-Jiliuiic- 2D2-3H2-7 171. 




Announce ments 

Precipitation 

Measurements 

rcMK^ 11 l",?’ l ? 88 VVorkshrin nil die Cni- 
,ich n " . rt ' < 'pitalinn Measiiieiueiils./u- 
Trrb,, r , K: " n ^‘ rs: Swiss l-«l«.Tal IiiMicincof 
nf.,., , J K> H-T II). Inieniiiii(iii;il Asst »ciai ion 
til h 1 l ,0 -" KK . i ' 1 Srk;,u «'. Wnrid Melei.rol» K i- 
SreSif !V Zal,tm - * B,,rh iwvnik. lIydrnhi K y 
Win mo’ ^ K,r,,nt ' ,u t!«)KW|j|iy KTH, 

HMI, Htir>7 /.(inch, Swiizer- 

Hrln. , ( ! C ; ,,llillc [t,r l * ,c submission tjf :ih- 

ThJ !* J a,, i'ary 31. HWf,. 
to und am \ uf l * lc workslitsp is to improve and 
tiurest;^ ei ?° , IS lo Standartlizo the pro re- 
data q„i,? h! n ll,e , cor i ection or precipitation 
lion inri . blC topics . for P a I«rs lor presenta- 
paniciiiar e corr ? c,ions currently applied in 
rection mm°b Ull | lr r*' Special P rolilem s of cor- 
tlue 10 ;£ e, ^ 0< ! , J r,,r tl,e lunation of errors 
pfcciDind " in ^ fielcl defoi ntaLion above the 
s plasfincr 0,1 orifice . a nd errors due to 
blowing ^ 8> wp fa ,n g, evaporation, and snow 
In ihefin-i j° Stcr is also pi an lined. 

0| nmend->i- ^ ,SCU . S 1 ^ 0,, °f the workshop, rcc- 
dardizerl r i° llS 1 be fonnulHted for stan- 
correoJon procedures. 

Meteorology and 
Uce anography 

^leora]olL 4, i 198 i® ' Annual Canadlah 
Con gr«* a ^rf d a,ld ^ ceano 8 r Ppldc Society 
el ' n 8 in Goneirai Meeting: Mod- : 

Mom r l,7^°. roJ ° g Y and Oceanography, , . ; 

lo gJca[ flrtrl ^o c ?.a ,, - z J re: panadtan Meicmt)- ■: 

0r: WchSd U^nijuy Candn 

- 100 AlexU-Nihon Blvd ,; . ; 


3rd Flour, M« nil real. Quebec, Canada H4M 
>N8: id.: ^■1-333-4551.) 

Tile tleui Nine Tor (lie submission of ab- 
st rails is Febriitiry I, 1085. 

Ckinti ihiiiiims are sought uu theoretical 
ami practical aspects of modeling atmo- 
sphere-ocean interactions, waves in oceans or 
atmosphere, atmospheric and oceanic circula- 
tion, limnology, climatology, operational me- 
teorology, cloud dynamics, aim transport and 
diffusion of pollutants. Sessions on meteoro- 
logical anti oceanographical topics other than 
modeling also will be organized, depending 
on cumribitLions. 


High-Temperature 
Heat Exchangers 

August 28-30, 1985 17th International 
Symposium on High-Temperature Heal Ex- 
changers, Belgrade. Yugoslavia. Sponsor: In- 
ternational Centre for Heat and Mass Trans-. 
Fer. fY. Mori. Department of Mechanical En- 
gineering, University of Electro-Communi- 
cations, 1-5-1, Chofugaoka, Chofu, 182 To- 
kyo, Japan.) ■ 

The deadline Tor the submission of 500- 
700-word abstracts Is January 20, 1985. 

The purposes of the symposium aj-e to : 

bring together tlie results of basic and ap- 
plied research-on heat and mass transfer suit- 
able for use in the field of high-temperature 
Ileal exchangers and to examine the prob- : 
lems encountered in .the development of vari- 
ous types of high-temperature heat exchang- 
ers. Topics for papers include high-tempera-, ■ 
ture regenerators for gas turbine and fuel ... 
cell plants, high-temperature heaLexchangers 
in the Stirling cycle and other cngines. ce- 
ramie heat exchangers (of the plate fin, tabu- . 
tar, and rotary types). Mgh-tempe^urehMt. 
transfer augmentation^. and new ceramics 0 ;• 

sUpctallbysfor higb-temperalurc.neat.cx- ■. 

changers, "'-V/a- 


Separates 

To Order: The order number can be 
found at the end of each abstract; use all 
digits when ordering. Only papers with 
order numbers are available from AGU. 
Cost: $3.50 for die first article and $1.00 
for each additional article in die same or- 
der. Payment must accompany order. De- 
posit accounts available. 

Send your order to: 

American Geophysical Union 
2000 Florida Avenue, NAY. 
Washington, D.C. 20009 


Exploration Geophysics 

DM0 Scliils uttadl 

A GUPHniCAL STUDY OH THE AID OUIADIO BASIN, EffifPr 
Gfciraat X. And (tatty Oil Canada, IIS8 ADbaydala Drive 
H.B., Calgary, Alta,, Canada 124 OLD 

The araa of a t ad y coopriaaa one of tbo non 
hydrocarbon-potential baalna of cha Egyptian Haataro 
Daaert, tha Abu Oharadlg baa In. 

Ha]or oartna tramgraaalon and ragroailan cyclaa 
dooloatad tha tarrltory during different xeologU tinea. 
Ihoaa dapoalElaoal cyelaa, tsgathar vlch at laaat three 
tactnlc cyelaa— tha and of the' Falaoaolc Harcyoean, tha 
cleat of cha Jurat, ie uactl chi Lata Cratactoua, ipd (ha 
data of thn Cntnroua until Kid-Tar It ary— raaultad In a 
hi|hly deforaad, chirk tadloaneary corac, 

A atudy of tha gaophyalcal aoooaliaa or the baa to, 
(oeludlng thoaa lndieatad by aarMagnetlca jravlty, and 
aatahlc data at vail aa tha aj.udr of about AD date valla 
' drilled yl thiil and around . thn Abu Gharadlg baaln, haa 
' revealed that tha Major tact cm is d liturbanera of tha araa 
vara earned. hy baaaaant coopllc blech faulting. Tbaaa 
.■aior (actonic dlat'orbaadaa have ' erodpoad treat 
varlat lope In tha thlcknaaa and dlacrlbutipn of the 
varloua gaologlc aaili throughout (hi ragtoe. 

AayoMgnatlp aonullaa' aod eke Mila which rdachcd tha - 
baitaanC Indicate grant varlat tool in tha depth! eo|l type 
■ at the baeenenC eoeplex aod cha eraaoaee el. aejer 
i tat rot tone to (ha ragtoa, Thl Major fr'aclering la 
{afieitad to ha nalnly along aaat-vaiE, vait-northveat 
and. daat-*»«n»aat dliectloaa.. 

'The Sougoar' gravity aooaaltaa (edicata Major fcgaaaeoi 
trar curing aa ql! aa varlaclooa la end leant try yictrraa, 
troiuaa,- aod ' aubaagunc 'ten ton Is dtaturhaapeav . 

” na poet ohvloua.emeloac'ti'aado on the gravity aep, 
beead ph fragbeaey aod aoplitudo, era tha northeaat to : 
taal-aarchaait, the Hit -wait »*d the Ufat-aArtlnraet. The . 
uln Abu OJiaradtg' depot it tonal caapor doaa. Hot. ahod tharp 
'yarUcfoa/ became of Lhg hoaoBgoatty of tfap pear-aurfaca . 
rtclirawl tfia'-iraat ba^dpant depth (20 000-AQ MO ft). 


SaietiL- anterpratatioo haa conn rand tha preaanre of 
all Cheat fracturing crania. It alao idaneiriad aoao 
najot atrurturjl trenda. Ihaaa are cloeelv ralaced to 
cha dapotitmeal ctnrtri, and raprooont potential 
drilling location!, aapactally thoaa eashciii.J with Lata 
Craiacaoua-Tareiary aegiva eantaaMranaooi faultlru, 
cecPHYsrcj, vol. m. no. i 

0920 Baiaadc aarhodo 

***«*« MWUX MODEL I OT 

‘"v.ratoo vlth point oourco plnna-tayar 
talid. h “* a-fvMntagaa over paatntaek or narial 
looidanca lovar.ton. For aaanpl.. |, por«tt, Vh. 

v e I ocVr°ra ."V 1 co *Pra aa ! one, aod ahair 

velocltloa, denalhy variation, and th* accurate 
account log of incarbod and aurfaca aulilplia. r noslect 

IdaVuaV f »a*‘ *" ,hl “ P ' p,r h V ■•■uBltig that they ora 
adequately ouppraaaed by voloedcy flttorliia In the 

,ta« ,r to - .«S. :.on B i , „J: 

plena wavaa ia card (a Mccoune far tha paint tourca. The 

li^’ro1Idad r *t , i* C rh 0n m * 0aam , lsr ■ ■« »* plan, l.ylr, 
ilea . a d r* Ch * """"“Tool Incidonco can. I uae a 
*•. "***“?* ryundrtc.l ay—otry. 

1 r« r.ra J »taa«r loreraion 1 . uard bocauae the raat 
" ' f *r iwroal incldonc. 

J”?"*?" >»n8«r applksablr. I provtda the 

dor Ivat (on lor the required •atria, and I taka data 

r * t< * lha * -o*aout of oventa on real latte 
IhToi t * Pra,t, f k (ha dec ere in a l lor a f 

eo *^rMoi tonal valor Ity In the vetotlcy depth 
. profile, even though riia data are band-iialtad ^tn 

iM«Id C ?h» 1 .h«“^Li eh ’ < r pr,|i ' r . oc "" ,,,,B h,,l 
c«««t L r «** that deuiry ii 

1 U,w 'Ta^janc.oa in the velar ity prar.li Map ba 

for at«wIZ •*» *■! «t»y analyai. „„d 

, -Lnll *' *«■'«■« »al i tplai aod at her 

.' Mdeltog Phonoaene era accounted far In tha CMputation. 

■ pr e cea . u^ • , ro.t pi. dirt la, 6 th. 

„* f "j 1 * 1 lh» vnlncity prarile ire elan leai 

. aeearala and can net tana race abioluio va toe ity. I dunint 
I " i ” > *“ (“effect l vc inaerai?a* 4 f 

, fflOPIIIEICS, VOL. M, w. i 
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AULVSrS Of A ou II DR ATE Off SOUTHWEST KZXICO US INC 

. !Su"“S HH,,, " li " ID BMP ■““»«» 

..Bare lay r. Colltna Cfoiaerlj a u jr Rcagarrh and 
Danle^ept Oeapaay, fit teburgh, Ml praaant I y' CuLf Oil 
■aploratdon and froduct Ida Coapany, f.o. in, nil. 

' Sakata fie Id, CA 92 Ml) Jpal a. Wafkiaa - * ■ 

• • Analyata af • rdprocoaeod aalaaic rat fact ion I Lot and 
raadlta froe Daap Sea Drtllldg frajarc Leg Al off E he . 
■Hibiiiit nail af Her Lea rav fl i • hot cup ataulaitna • 
i raf lector lg)(] aaaociattd with »• aqpillbrluH phaaa ' 
JuMMddry Of Mothaqa hydrate. Several pa Lisle pncntlg, • 
uchdlquai wane uaad to accontaita tba lateral cnattiraUy . . 
Of (ha Ul and (o dalintilr cha top aw) beta of a 200- f(W 
m thick coaeanc rat ad kydrata layar nuodlin about U ka 
parallel CO the atopa of. the InAar trench vail in vater 
dap lb I ra aging (ton Z.TSO-4 3P0 Direct aataaiai 
lodleatota below (be HE aod g aochia tea I ' evidence Uplv 
»*• fe(* *■» “yba trappfd be death the baaa 
df CM hydrate leyar eod avggaac Lhpr lov-petHeahll Uy 
hydrated aadlxnta tai eat aa a aaal fdr reaerMtra. 
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